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ESSAYS AND LECTURES 

OK 

THE PHYSIOLOGY AND PATHOLOGY OF THE 

NERVOUS SYSTEM. 



CEITICAL ESSAY ON THE PHYSIOLOGY AND 
PATHOLOGY OF THE SPINAL COED. 

Some years ago, when Dr. Brown-S^quard de- 
livered a course of lectures in Dublin on the 
" Physiology and Pathology of the Central Ner- 
vous System/' I assisted in preparing his experi- 
ments. I had, in consequence, an opportunity 
of testing with more care than his other hearers 
the resulting phenomena. Moreover, the spinal 
cords of the animals experimented upon came 
into my hands. Having hardened them in spirit, 
I subsequently examined the exact lesion in each 
case, and compared it with the symptoms noted 
during life. 

Feeling that it was necessary stiU further to 

10* 
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verify his researches, I myself repeated many of 
his experiments. I availed myself of this oppor- 
tunity of showing to my pupils some of the most 
fundamental of these experiments, which so pro- 
foundly modified the views held up to that time, 
as to the functions of the spinal cord. 

The following essay, therefore, and the lectures 
here published, are not a mere analytical critique. 
These pages contain, in truth, an experimental 
criticism, or critical verification of Dr. Brown- 
S^quard's discoveries. In scientific progress, veri- 
fication is the handmaid of discovery. The 
humble function of the handmaid is, however, as 
necessary in establishing the truth of new views, 
as is that of the mason in constructing an edifice 
designed by the most gifted architect. 

That the physiological researches detailed in 

this Part were not barren of practical results will, 
I trust, appear when I come to speak of injuries 
and diseases of the spine. 

" These Lectures* contain the results of the 



* Course of Lectures on the Physiology and Pathology of the 
Central Nervous System, delivered at the Royal College of Sur- 
geons of England, in May, 1858, by C. E. Brown-S6quard, 
M.D., F.B.S., &c. London ; Williams and Norgate, 8vo, pp.. 
276, 1860. 
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work of almost all my life, since I began to study 
medicine;" so says Dr. Brown-S^qnard in his 
preface : those, therefore, who have studied the 
numerous memoirs of this able physiologist, will 
expect to find little absolutely new in the pages 
of his book. That large class of readers, 
however, whose varied occupations prevent them 
from following such investigations through the 
reports of societies and the pages of periodicals, 
will be glad to find embodied in one volume, the 
most important results of the labour of Dr. Brown- 
S^quard's life. Since the year 1838, Dr. Brown- 
S^quard has devoted all his disposable time to 
the study of the great questions connected with 
the physiology of the nervous centres. How 
vast, during this period, have the changes been 
in the aspects of many of these questions ; how 
different the views put forward, both as to the 
minute structure and functions of the nervous 
centres ; how discordant- the opinions of the ablest 
microscopists ; how inconclusive the reasoning of 
various physiologists 1 All this shows,- at least, 
the amazing intricacies and difficulties which 
surround the subject ; and when we look to the 
records of the past, and contemplate the altera- 
tions which we are now forced to make concern- 
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ing opinions and views which some twenty or 
thirty years ago were regarded as perfectly 
established, we, indeed, perceive the folly of at- 
tempting to dogmatize upon such questions. If 
we turn to the Report on the Physiology of the 
Nervous System, presented to the British Asso- 
ciation at its Cambridge meeting in 1833, by Dr. 
W. C. Henry, of Manchester, we find that 
although this was the work of a most careful and 
accomplished gentleman, many theories were 
assumed by him as having been, at that time, 
unquestionably proved, which are now over- 
turned. In the concluding recapitulation of that 
report, as among the " most important facts that 
have been fully ascertained in the physiology of 
the nervous system,'' the author asserts that the 
function of the spinal cord is simply that of a 
conductor of motive impulses from the brain to 
nerves supplying the muscles, and of sensitive 
impressions from the surface of the body to the 
sensorium commune ; and that these two vital 
offices reside in distinct portions of the spinal 
medulla — the propagation of motion in its ante- 
rior columns, the transmission of sensation in 
its posterior columns. How changed upon this 
subject are the ideas of to-day 1 
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Before entering upon an analysis of the opin- 
ions of Dr. Brown-S^quard on the physiology of 
this nervous centre (the spinal cord), it may not 
be amiss to state what other views have been put 
forward, and what generally accepted, since Sir 
Charles Bell propounded that which was adopted 
as fully ctscertained by Dr. Henry, in the report 
just alluded to. I need not do more than 
mention in the most cursory way the experi- 
ments of Fodera, who, on dividing one posterior 
column of the spinal cord in the cervical region, 
produced loss of feeling in the opposite side, and 
loss of movement in the same, and who, on re- 
peating the same experiment in the lumbar re- 
gion, obtained results diametrically opposite : or 
those of Backer, who, on cutting across the pos- 
terior columns, observed a destruction of both 
feeling and motion in the posterior limbs : or of 
Schoeps, who, on repeating the same experiment, 
thought that he found sensibility persisting, and 
motion destroyed, in the posterior extremities. 

The views of Bellingeri, that the anterior 
columns of the spinal cord are a bundle of nerve 
fibres animating the flexor muscles, and that the 
posterior columns contain the nerve fibres anima- 
ting the extensor muscles, are more deserving of 
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a critical investigation, because, in these later 
times, they have been, to a certain extent, adopt- 
ed by a person of acknowledged ability, the 
learned Professor Valentin. The now modified 
notions of M. Moritz SchiflF, who holds that the 
grey matter transmits along the cord painful 
impressions, while simple tactile impressions are 
conveyed along the posterior columns, must not 
be forgotten. Nor can I pass over in silence 
the statements of Professor Schroeder van der 
Kolk, that, in his opinion, the grey matter in the 
spinal cord serves solely for motion, the posterior 
rather for reflex action and the co-ordination of 
movements, whilst sensation is transmitted up- 
wards through the posterior and lateral medullary 
columns. The opinion of the last-named Profes- 
sor is the more deserving of criticism, inasmuch 
as his work is universally in the hands of British 
readers; yet I confess that I am quite at a loss 
to understand the reasoning on which his opin- 
ions are founded. He, indeed, draws his con- 
clusions especially from the phenomena produced 
by strychnia in a dog ; but his line of argument 
appears to me so entirely inconclusive, that I 
am almost forced to infer that there is some typo- 
graphical error in the expression of his opinion as 
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above stated. If it be not so, then, indeed, a very- 
useful lesson is to be drawn from the deductions 
of the learned Professor. We are taught how 
very dangerous it is to hang physiological theo- 
ries upon a frame-work, such as the anatomist 
sees, or fancies he sees, in the structures of the 
nervous centres. But it will become my duty, 
further on, to analyse the reasonings of Professor 
Schroeder van der Kolk, when comparing them 
with those of Brown-S^quard. 

Passing from these, as I may call them,- sub- 
Two rival theo- ordinate theories, concerning the 
nes regard- precig^ functions of the various tracts 

ing the tunc- ^ 

tions of the of the spinal cord, I come to the 
^^^- two great rivals which have for some 

time struggled, with varying success, for accept- 
ance before the leading physiologists of Europe, 
viz., that of Sir Charles Bell, as modified by M. 
Longet, which had been generally adopted in 
France and England ; and that for the most part 
admitted in Germany, and, with many minor 
modifications, adopted by Van Deen, Valentin, 
Stilling, and others. 

The theory of Sir Charles Bell, as modified and 
completed by Longet, has been, until quite re- 
cently, so generally accepted in this country, 
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and is so universally known, that it is hardly 
necessary to state it. In brief, upon this theory, 
the spinal marrow is regarded at once as a ner- 
vous centre enjoying an activity of its own, and 
as a conductor intended to place the muscles, the 
surface, and various organs, in connexion with the 
encephalon; this double function is considered as 
due to the two kinds of substance which enter 
into its composition. As a centre, it is a pro- 
ducer of reflex phenomena, which property is due 
to the grey matter, a substance supposed to be 
devoid of the power of conveying either sensa- 
tive impressions or mandates of the will to 
muscles; the conducting faculty resides entirely 
in the white substance of the columns of the 
cord; the posterior columns are regarded as being 
destined exclusively for the transmission of sensi- 
tive impressions to the encephalon, while, on the 
contrary, the anterior and lateral columns are the 
sole channels through which the influence of the 
,will is conveyed to the muscles. In other words, 
the posterior columns and their corresponding 
nerve roots are regarded as centripetal conduct- 
ors; the anterior and lateral columns, with the 
anterior nerve roots, as centrifugal conductors, 
while the grey matter is the d)niaiiiical, or force- 
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generating element of this nervous centre. The 
human mind loves systems, and it found in this 
theory something so simple and so seductive as 
to be almost irresistible. Yet now it must be 
set aside, and recorded in the history of physi- 
ology with many other brilliant but deceptive 
doctrines. 

Van Deen has propounded, and Valentin, Stil- 
ling, and others have, with various modifications, 
adopted a theory in one respect fundamentally 
difiering from the foregoing— they assign to the 
grey matter the function of conducting impres- 
sions. According to Stilling, whose beautiful re- 
searches in anatomy, physiology, and pathology, 
have done so much for science, the posterior half 
of the grey substance of the spinal marrow is 
the channel for the transmission of sensitive im- 
pressions to the encephalon. Moreover, accord- 
ing to his theory, there is no determinate and 
invariable course for sensitive impressions, which 
may pass equally well by either lateral portions 
of grey matter already indicated. Indeed, Stil- 
ling holds that a very small portion of the grey 
matter is still sufficient to permit the transmis- 
sion of sensitive impressions coming from parts 
situated behind the lesion. Although this theory 
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cannot at the present time be accepted as exact, 
yet it will be found that it contains important 
elements of truth, in assigning to the grey matter 
conducting power. 

It is a remarkable instance of how much may 
be done by bold assertion, even when altogether 
unsupported by facts, that it has been so general- 
ly believed that the grey matter is devoid of the 
power of conducting impressions, and that its 
true function is dynamical — that it is destined 
to produce nerve force. A moment's reflection 
serves to show that every nerve, after separation 
from the cerebro-spinal axis, nevertheless contains 
in itself the elements necessary to originate the 
vis nervosa or neurility,^ as it has been very well 
named, for this force may be called into being 
by the excitation of ever so small a portion of 
such a nerve by electrical, chemical, or mechani- 
cal stimulation. On the other hand, however 
much the minute anatomist may have failed to 
point out precisely what becomes of the roots of 
the nerves — whatever discrepancies may exist 
among the researches of Hannover, Stilling, Ei- 
genbrodt, Blattmann, Kolliker, Wagner, Lock- 
hart Clarke, Schilling, Gratiolet, Owsjannikow, 



♦ An admirable term, for which we aie indebted to E. H. Lewes. 
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Schroeder van der Kolk, Bidder, Remak, Kup- 
fer, and others— the great majority of these anato- 
mists, at least agree that a great number of the 
fibres from the posterior nerve roots pass directly 
into the grey substance. In this fact alone we 
have good anatomical evidence that the grey mat- 
ter is connected with the transmission of sensitive 
impressions. We find, likewise, strong presump- 
tive evidence to the same effect, in the circum- 
stance that so many most skilful experimentalists, 
engaged in investigations quite independently of 
each other, and differing in some respects widely 
from one another, have nevertheless agreed in 
attributing to the grey matter some share in 
the transmission of sensitive impressions. The 
liypothesis of Marshall HaU has nothing in it 
directly at variance with such a supposition; 
that of Todd and Bowman assumes that all 
nerves are implanted in the grey matter, and do 
not pass beyond it, and that the segments of 
the cerebro-spinal axis are connected with each 
other through the continuity of the grey matter ; 
while Bellingeri, Valentin, Schiff, Van Deen, 
Volkmann, Stilling, and other physiologists, are 
led by their experiments, however contradictory 
in other respects, to grant to the grey matter 
conducting power. 
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The greater part of Dr. Brown-S^quard's lec- 

Experimentai *^^^s ^^® devoted to an attempt to 
investigation determine with scientific precision, 
difficult and ^^^^^t are the exact channels in the 
perplexing, spinal cord and medulla oblongata 
through which sensitive impressions are transmit- 
ted and through which the influence of the will 
is conveyed to muscles. In making this attempt, 
Dr. Brown-S^quard has recourse to experimental 
investigation on animals, while he also tries to 
corroborate the conclusions thus arrived at by- 
reference to pathological cases; and even those 
who may not regard his arguments as in all 
respects conclusive, I venture to assert, will not 
peruse his book without admitting that he gives 
a masterly analysis of the pathological cases bear- 
ing upon these questions, which he has collect- 
ed from the most varied sources, with so much 
labour and so much care. As an experimentalist, 
he has disproved the assertion of one of the most 
eminent physiologists that these islands has ever 
produced, that "direct experiments afford no aid 
in determining the functions of the columns of 
the spinal cord/' I freely admit that attempts to 
expose this organ either in living or dead animals 
are surrounded with difficulties, which embarrass ' 
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the experimenter, and weaken the force of his in- 
ferences. The depth at which the spinal cord is 
situated in most vertebrate animals, its extreme 
excitability, the intimate connections of its va- 
rious parts with one another, so that one can 
scarcely be irritated without the others being 
affected, the proximity of the roots of its nerves 
to each other, the difl&culty of stimulating one 
portion of the cord itself without affecting either 
the anterior or posterior rootSj are great impedi- 
ments to accurate experiments : and when we 
consider these difficulties, we see a suflBcient ex- 
planation of the discrepancies which are apparent 
in the recorded results of experiments under- 
taken by so many able observers. 

But these difficulties, great though they un- 
questionably are, are not insurmountable; they 
reflect, indeed, great honour upon him who has 
done so much to overcome them, but they also 
teach how slow we ought to be in admitting 
proofs upon this subject, drawn from experi- 
mental sources; and with what caution and care 
we should examine the tests to which such ex- 
perimental enquiries have been submitted, before 
we can accord to their results, as stated by any 
investigator, our sanction and belief. The tests 
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to which the fundamental experiments of Dr. 
Brown-S6quard have been submitted, have been 
of the most trying nature; his ideas as to the 
channels through which sensitive impressions and 
motive commands pass, came before a sceptical 
public, saturated with very different notions, and 
his experiments have been repeated before large 
audiences of such persons at various places in 
these islands. The more sceptical of his hearers 
(myself among the number) have made careful 
autopsies of the animals upon which he had oper- 
ated, previously hardening the spinal cords in 
spirit; and not a few have, like myself, repeat- 
ed his experiments with success. Physiologists 
whose theoretic views do not harmonize with 
those of Dr. Brown-S^quard, and who, therefore, 
may have been presumed to have undertaken 
them in a critical, if not an antagonistic spirit, 
have had the candour to confess that their ideas 
have been modified by a repetition of these ex- 
periments:^ and, moreover, his principal asser- 
tions and experiments have passed with approval 
through the severe ordeal of a commission, ap- 

^ Compare Schroeder van der Kolk, On the Minvie StriLcture 
and Functions of the Spinal Cord, translated from the original ; 
Sydenham Society, 1859, p. 51, note. 
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pointed by the Society de Biologie, and composed 
of MM. CI. Bernard, Bonley, P. Broca, Girald^s, 
Goubaux, and Vulpian. At page 42 of his lectures 
Dr. Brown-S^quard himself observes in a note : 

"I must say, that it is absolutely impossible to 
know, while we make a section of parts of the 
spinal cord, what is the precise depth of the in- 
jury; it is mere guess work. But if we study 
well the phenomena, and then after having killed 
the animal, if we put the spinal cord in alcohol, 
we render it hard, and we can ascertain exactly 
what is the extent of the lesion. This is the 
means that I always employ in my experiments ; 
and it is also the means employed by the com- 
mittee appointed by the Society de Biologie, for 
the investigation of my researches on the spinal 
cord." 

I think then, that notwithstanding the great 
and admitted difficulties which surround experi- 
mentation on the spinal cord, much weight must 
be given to testimony derived from results tested 
by so rigid a process. In his second lecture. Dr. 
Transmission Brown-S^quard details the experi- 

of sensitive ^^^^^ . ^j^.^j^ ^^ ^ ^^ ^ 

impressions "^ ... 

' in the cord, that the transmission of sensitive im- 
pressions in the spinal cord, takes place chiefly 

11 
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in its central part, i.e. in the grey matter ; and 
in the following discourse, he enters upon those 
which show that the conductors of sensitive 
impressions from the various parts of the trunk 
and limbs, make their decussation in the spinal 
cord, and not in the enceptalon, as had been 
generally supposed. He commences by proving 
that the theory of Longet, with regard to the 
posterior columns of the cord being the conduct- 
ors of sensitive impressions, is no longer tenable; 
he carries on the work of destruction commenced 
by Sir Charles Bell himself, vigorously urged on 
by the serious objections brought up against this 
hypothesis by Dr. E. B. Todd, supported more 
recently by the beautiful anatomical researches of 
Stilling and Lockhart Clarke, and now comple- 
ted by his own experiment, showing that a trans- 
verse section of the posterior columns, yar^rom 
being followed by any loss of feeling y is accompa- 
nied by the very reverse effect. So far as the 
posterior columns are concerned, this single ex- 
periment annihilates the fascinating theory of 
Longet, which won its way so speedily into full 
notoriety, and was so charmingly seductive, be- 
cause " it was so orderly a plan and made people 
remember." But it had no facts to rest upon. 
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K, then, the transmission of sensitive impres- 

Channel for sions does not take place along the 

smifision pQg^^i^Qj. columns, it remains to be 

of sensitive ^ ' 

impressions, found what is the channel of their 
transmission. Is it the grey matter, or some 
part of the lateral or anterior columns, or all, or 
several, of these constituents of the spinal cord ? 
When the anterior columns alone are divided 
there is no marked alteration of sensibility.' 
Transverse section of the two lateral columns, in 
the dorsal region, does not diminish, but in- 
creases sensibility in the posterior limbs ; while 
sensibility is lost in these parts when the entire 
spinal cord, with the exception of one lateral col- 
umn, is divided transversely: hence, it seems 
that sensitive impressions are not transmitted 
through these channels. It is quite different with 
regard to the grey matter. 

A transverse section of the posterior half of 
the spinal marrow is attended with diminished 
sensibUity in the posterior extremities ; but as we 
already know that this loss of sensibility is not 
attributable to the division of the posterior, and 
the portions of the lateral columns thus unavoid- 
ably divided, it seems necessarily to be due to 
the division of the grey matter. Again ; trans- 
it* 
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verse section of the anterior half of the spinal 
cord is also attended with diminished sensibility ; 
but, since we know that this loss is not attribu- 
table to the division of the anterior columns and 
of the portions of the lateral columns, it seems 
again that it must be due to the division of the 
grey matter. Lastly ; if the anterior, lateral, and 
posterior columns are divided transversely, at a 
little distance from each other, sensibility persists 
behind the sections, the grey matter being the 
only channel which remains for its propagation 
towards the encephalon. As in this experiment 
it is impossible not to divide some of the grey 
matter, sensibility is found diminished, but not 
destroyed. If one can feel thoroughly satisfied 
as to these facts, there can be no doubt respect- 
ing the inference, that sensitive impressions pass, 
principally, along the grey matter in the spinal 
cord. Dr. Brown-S^quard, however, does not 
negative the notion of Calmeil and Nonat, that 
the anterior columns have a share in this func- 
tion, for he has found that when the entire spi- 
nal cord has been cut across, leaving only the 
anterior columns, sensibility, which is at first lost, 
after a time reappears, and many hours after- 
wards evidently exists everjrwhere, though in a 
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slight degree only; he therefore concludes that 
these columns have a share, but only a slight 
one, in the transmission of sensitive impressions 
to the scnsorium. 

It is not my intention to enter into any analy- 
sis of the many and interesting pathological cases 
adduced by Dr. Brown-S^quard in support of 
the views which experimental inquiry has led 
him to adopt. There is one, however, which 
bears so pointedly upon the question of the con- 
ducting power of the grey matter for sensitive 
impressions, that I cannot forbear giving it at 
full length. 

" Case 22. A man, aged 44, after having had 
cramps, formication, and weakness, in the lower 
Umbs, and paralysis of the upper Umbs, for a long 
period, was admitted to La Charity. Sensibility 
existed everywhere. On the evening of Novem- 
ber 1st he was able to walk, but aided by some- 
one. Sensibility continued everywhere to the 
last moment before his death on the 3rd of No- 
vember, at 3 a.m. 

" Autopsy : Encephalon normal. There was 
induration of the spinal cord, from its upper ex- 
tremity to the third dorsal vertebra, and from the 
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sixth dorsal to the lower extremity. The tissue 
of the cord in these parts being cut, was shining, 
looking like porcelain, hard and difficult to be 
crushed. The grey matter was also a little harder 
than normally, but of its usual colour. The an- 
terior and posterior roots seemed normal. In the 
space between the third and sixth dorsal verte- 
brae, the cord was softened, pultaceous, resem- 
bUng a whitish, or rather sHghtly rose pulp, 
punctuated in some places. When placed in 
water, many parts became disintegrated and form- 
ed a kind of emulsion. This alteration existed 
only in the white substance. The grey, on the 
contrary, seemed to have preserved its normal 
consistence. The microscope showed that the 
grey matter in both the softened and indurated 
parts contained normal cells and fibres, and nor- 
mal blood-vessels ; while the white substance in 
softened region contained but rare fibres, which 
were altered, containing an oily matter and 
granulations. There was also a quantity of 
granulated corpuscles of inflammation, with many 
capillaries, oily drops, and amorphous matter ; in 
the indurated white substance there was less 
alteration, and the fibres were more normal and 
numerous. (Laboulbfene, in the MSmoires de la 
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SocietS de Biologie, 1855.) The author of the 
report of this case adds that he has ascertained 
that sensibility to pinching, pricking, touching, 
tickling, feeling of heat and cold, and that due 
to the muscular spasm caused by galvanism, 
persisted in this patient, although the white 
matter, i. e,, the posterior and antero-lateral 

columns had but few and altered fibres remain- 

• )) 
mg. 

It is obvious from what has been already 
„ , , brought forward, that various physio- 

Scnroeder van ® ^ ^ 

derKolk's logists have had, for a long time 
opinion. p^g^^ ^ tendency to adopt the two 

propositions so clearly enimciated and so well 
discussed by Dr. Brown-S^quard. The slow 
accumulation of well-observed pathological cases, 
careful microscopic investigation, and experi- 
mental researches (which although often contra- 
dictory, yet on the whole tended in the same 
direction) have paved the way for the general 
acceptance of these conclusions, viz., that sensi- 
tive impressions do not pass along the posterior 
columns, but that the grey matter is the main 
channel for their transmission to the encephalon. 
It would be foreign to my purpose to enter into 
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any critical discussion of the views of those who 
at the present time dissent from these proposi- 
tions, but I conceive that it is right to do so 
with regard to one author, because his opinions 
come before the British public with much pres- 
tige, and because not only the justly great repu- 
tation of the author as a microscopical anatomist, 
but also the fact of his work having been selected 
(and very rightly so) for publication, by the 
Council of the New Sydenham Society, give in 
the eyes of many readers very great, perhaps 
undue, weight and authority to his opinions. 

*^ In my opinion," says Professor Schroeder van 
der Kolk, " the grey matter in the spinal cord 
serves solely for motion, the posterior rather for 
reflex action, and the coordination of movement, 
while sensation is transmitted upwards exclusive- 
ly through the posterior and lateral meduUary 
columns. That such is the case, I inferred espe- 
cially from the phenomena produced by strych- 
nine in a dog ; in slighter attacks the hind feet 
acted first, and subsequently continued more rigid, 
the animal standing upon them, with the body in- 
clined obliquely forward. Not only during these 
convulsions, but even when the animal lay more 
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than once upon the ground, with its feet stretch- 
ed out in tetanic rigidity, it had not lost con- 
sciousness, of which my audience were witnesses 
with me ; thus when a white cloth was accident- 
ally drawn from one side of the apartment to the 
other, the dog followed it with his eyes and head, 
while it appeared from all that occurred that he 
did not experience the least pain. We also know 
that after excessive doses of strychnia, the pa- 
tients, without feeling anything, are suddenly 
...zed wia> abnormal L.LJ:.i convulsioi 
After the death of the dog, I examined the spinal 
cord and brain, chiefly with a view to discover 
any congestion which might have existed in the 
several parts. In the brain, I met no imusual de- 
gree of congestion ; but I was particularly struck 
with a remarkable condition of the grey matter of 
the lumbar bulb ; it presented, in fact, nume- 
rous small efiusions of blood, while in the medul- 
lary portion [T\ nothing abnormal was found. In 
another dog, killed under the influence of strych- 
nine, I found in the grey matter of the lumbar 
portion, aneurismal dilatation of the capillary ves- 
sels, which were, in consequence, on the verge of 
bursting. Perhaps similar eflFusions had taken 
place in this instance, but that in the sections I pre- 
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pared I had not met with them. In both cases, 
however, the two horns of grey matter were most 
beautifuUy injected with bbod, as was evident 
after the sections were dried and placed under 
Canada balsam. Hence it would appear that, 
after administration of strychnine, great conges- 
tion and irritation take place in the grey matter, 
which, in the situations where they are most ful- 
ly developed, as in the loins, may pass into eflfii- 
sion or dilatation of the blood-vessels ; and still all 
this occurs without any sensations — without any 
pain. Were the grey matter in the spinal cord 
sensitive, or did the sensitive nerves penetrate 
into the grey matter, such congestion or irrita- 
tion, as excites in a sensitive nerve itself the most 
intense pain, could not be conceived to exist 
without occasioning some sensation. Hence it 
follows also that reflex movements cause no pain 
nor sensation in the spinal cord, so that, by this 
observation, the direct ascent of the sensitive nerves 
in the spinal cord — of which I possess the most 
satisfactory preparations — is physiologically (or 
pathologically, if we will) confirmed.'' 

Anyone who carefully peruses the foregoing 
passage will perceive in itself, without reference 
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to other contradictory portions of the book, the 
insufficiency of Professor Schroeder van der Kolk's 
argument as regards the physiological properties 
of the spinal marrow. In the main it comes to 
this : the grey matter is itself not sensitive, it 
is therefore inconceivable that it can conduct 
sensitive impressions; or again, a nerve which 
conveys sensitive impressions is itself very sensi- 
tive to pain ; the grey matter is not sensitive to 
pain, therefore it cannot convey sensitive impres- 
sions. There is not the least ground for admit- 
ting such an inference. To be sensitive to pain, 
and to be capable of conveying sensitive impres- 
sions, are distinct functions, not of necessity 
co-existing in the same parts of the nervous 
system. Because they co-exist in the nerves of 
the trunk and limbs, it does not foUow the same 
should necessarily be the case in the grey matter ; 
it certainly cannot be granted as an assumption, 
indeed several considerations lead one to the very 
reverse conclusion. We know, for instance, that 
the optic nerve, which undoubtedly conveys im- 
pressions received from light, is itself not sensitive 
when cut or punctured — or at least, if sensitive at 
all, very slightly so. I have myself known of 
a case in which the optic nerve was, by a curi- 
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ous accident, punctured; there was instant loss of 
vision, but no pain referable to the optic nerve, 
nor was the sensation of a flash of light, said to 
follow the lesion of this nerve, perceived by the 
individual. Until, therefore. Professor Schroeder 
van der Kolk adduces some facts in support of his 
assumption, his argument cannot be admitted to 
have any real value. 

With reference to the decussation of sensitive 
TV .. . impressions in the spinal marrow. 

Decussation in -^ ^ ' 

the spinal and the determination with preci- 

marrow. . /» i^i i j /? a."L • j 

sion 01 the exact seat of this de- 
cussation, we think the experiments of Dr. 
Brown-S^quard lead to conclusions, if possible 
more definite than any of his other researches, 
it has been known indeed for centuries, that the 
conductors of sensitive impressions, as well as 
those of the impulses of the will to muscles, de- 
cussate somewhere in the cerebro-spinal centres, 
but Sir Charles Bell seems to have been the -first 
physiologist who undertook the attempt to deter- 
mine the real situation of the decussation of sen- 
sitive conductors; though he gives no experimental 
proofs whatever of his idea, which was that the 
crossing took place in the floor of the fourth 
ventricle, above and very close to the decussa- 
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tion of the anterior pyramids. Sir Charles Bell 
was so fond of making systematic plans for him- 
self, that he seems to have been thus led to adopt, 
on very insufficient grounds, an idea which suited 
his imiaginary scheme. He found good anatomi- 
cal reasons and pathological facts to support the 
belief that the voluntary motor fibres of the trunk 
and limbs make their decussation at the lower 
part of the medulla oblongata, and that the ante- 
rior pyramids are, for the most part, formed by 
these conductors after their decussation. He 
could not have given his assent to the view of 
Foville and Valentin, that there are in the me- 
dulla oblongata, two sets of motor columns — one 
the anterior pyramids, the other the olivary col- 
imms, the fibres of which last they conceived to 
decussate aU along the pons Varolii. Sir Charles 
wished to balance the notion of the decussation of 
the motor fibres in the crossing of the anterior 
pyramids (for which idea he had good foundation), 
by the idea of a similar decussation of the sen- 
sitive fibres at a somewhat corresponding point 
posteriorly (for which he had no foundation at 
all). Many physiologists, feeling dissatisfied 
with a baseless, purely speculative theory, made 
this important question of the precise place of 
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decussation for sensitive impressions, the subject 
of careful experiment, and some of them came 
very near to making the discovery, whose accom- 
plishment was, however, reserved for Dr. Brown- 
S^quard, and which is not only one of the most 
conclusive of his demonstrations, but is an addi- 
tion to science of great practical importance. 

Istly. The spinal cord of a mammal is laid bare 
at the level of the two or three last dorsal verte- 
brae, and a lateral half of this organ (including 
the posterior, the lateral, and the anterior col- 
umns, and all the grey matter on one side) is di- 
vided. (See diagrammatic figure, 3.) The animal 
is left at rest a little while, and then it is ascer- 
tained that sensibility seems to be much increased 
in the posterior limb on the side of the section, 
while it seems to be lost, or extremely diminished, 
in the posterior limb on the opposite side. There 
seems to be, therefore, hypercesthesia behind and 
on the same side as a transverse section of a 
complete lateral half of the spinal cord, while, on 
the contrary, there seems to be ancBsthesia behind 
and on the opposite side to the section. With re- 
ference to motion it is the reverse ; power of move- 
ment is lost on the side of the section, but per- 
sists on the uninjured side : see the diagrammatic 
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view, in which, suppose the lesion marked number 
3 to be made in the dorsal or lumbar region, and 
let m- represent the anterior or motor nerve root, 
continued on by a dotted line to its decussatiou 
in the anterior pyramid, while pj* represents the 
posterior, or sensitive nerve root, also continued 
through its supposed decussation, by a dotted 
line. For the present let US' disregard the in- 
crease of sensibility, a phenomenon which we 
shall subsequently consider, and we have the 
following results of a complete section of one half 
of the spinal cord in the dorsal or lumbar region. 

.Duyrommafie rtprtuKtaiion of the de- 
atuation o/lhteonductortfor voluntary 
mommnUt, and of thotefor leiuation. — 
Ar, anterior roots continued bj dotted 
lines in the apinal cord, where they 
decnuate ; pr, posterior roots and their 
decussation ; g, the ganglia ; mo, tbe 
medulla oblongata ; r, the right, and I, 
the left ride, 1, 2, 3, represent snp- 
poeed lesiona of one lateral half of the 
mednlla oblongata and the spinaE cord — 
1 above, 2 at the level of the decuBsatioD 
of the Tolnntaiy motor conductors, and ^' 
3 at some part below this decussation, aay in the dorsal or np- 
per lumbar region. The arrows indicate the direction of the 
tterrous action in the motor and sensitive conductors. — The 
diagram is copied from Dr. Brown-S^quard's work. 
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Conductors of sion of the authoi's hope that he 
various sen- gj^^jj ^^ ^^^e 'to show that the 

sitive im- 
pressions, various sensitive impressions of touchy 

of pain, of temperature, of muscular contrac- 
tion, etc. are transmitted by conductors which 
are quite distinct from one another — and so much 
so, that the conductors of painful impressions, for 
instance, are no more able to convey other kinds 
of impressions than to transmit the impulses of 
the will to muscles. It is to be regretted that 
Dr. Brown-Sequard has not, in these lectures, 
given more fully all his reasons for adopting this 
view. The kinds of sensitive impressions which 
he believes to be furnished with distinct and 
separate conducting fibres, are the sensations of 
touch, tickling, pain, heat, cold, and the peculiar 
sensation which accompanies muscular contrac- 
tion.* It is obvious that in seeking to interrogate 
nature upon points so delicate and refined as 
these, experimentation upon the lower animals 
can give no satisfactory answer; pathological cases 
scrutinized with truthfulness and care, can alone 
yield accurate information upon these topics. 
Hence it is that Dr. Brown-Sequard, with an ear- 
nest desire to obtain light from every source, with 

* Compare " Theory of Nervous Action," p. 2^7. 
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a view to the elucidation of these important prob- 
lems, appeals to the many medical men who 
may peruse his book, and who have yearly oppor- 
timities of seeing numbers of patients whose 
cases may throw important and decisive light 
upon the questions discussed in his pages. Those 
persons whose interest in science and love of 
mankind dispose them to respond to this ap- 
peal, and not to allow to pass unrecorded such 
cases as may be the means of tending to settle 
what is yet undecided in these questions, may 
add a thousand fold to the interest and value of 
such cases as they may describe, by adopting one 
simple means of estimating, with precision, the 
comparative capability possessed by different 
parts, of appreciating the sensations of tickling, 
pricking, touch, heat, etc. 

In the normal state, different portions of the 
surface are susceptible of these sensations in very 
varying degrees. The tickling sensation, pro- 
duced by light brushing of the surface with a 
camel's hair pencil, is more felt around the mouth 
than over the nose ; along the front of the fore- 
arm, than in the palm, or along the fingers. The 
feeling of a light shock or impulse, like the pulsa- 
tion of an artery, is much more distinctly per- 

12* 
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ceived by the tips of the fingers than by the 
knuckle, the lips, or the tip of the tongue. Thus, 
if a thin tube of vulcanised indian-rubber be quite 
filled with water and tied at both ends, an im- 
pulse, produced by letting a little hammer fall on 
one end, is felt at the other by the finger when 
the same cannot be appreciated by the lips, 
tongue, and other parts; if, on the contrary, the 
whole hand be held under water, and a gentle 
current be made to pass from a pipe through the 
water, the striking of the current on the hand is 
felt at a greater distance from the pipe by the 
back of the hand than by the palm. If ether or 
spirit be applied to the surface, and a draught of 
air made to play upon the parts, the cold produced 
will be felt very diflferently by different parts of 
the body; if a needle or pin be made to pass 
through a small disk of cork, so that a very little 
of the point projects, the pricking with this small 
point will be more delicately appreciated in some 
parts than in others ; and if the front of the fore- 
arm be irritated by the application of a sinapism 
for a few minutes, we can easily satisfy ourselves 
by comparison with the other forearm, that, so far 
as regards pricking, the sinapism has produced 
hypersesthesia. 
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These obvious facts place within our reach 
means, at once ready and tolerably precise, for 
making comparisons between symmetrical and 
other parts of the smface; but for measuring 
the degree of tactile sensibility, perhaps the 
best method of all is that indicated by Dr. 
Brown-S^quard in his Experimental Researches. 
The curious facts discovered by E. H. Weber, 
respecting tactile sensibility, are well known. 
He found that if the blunted points of a pair 
of compasses are applied simultaneously on 
the skin, there is, according to circumstances, 
either the sensation of one or of two points. 
When the points are both inside of certain 
boimdaries, they are felt as one only; when they 
are outside of these boundaries, both are felt. 
These boundaries vary exceedingly in diflFerent 
parts of the skin ; but for a given part the differ- 
ences between various individuals are not con- 
siderable. The compasses may be made use of 
for measuring the degree of tactile sensibility in 
morbid states. In a case of considerable anaes- 
thesia of the lower limbs, the patient only felt a 
single impression on one leg, although the points 
of the compass were ten, fifteen, or even twenty 
centimetres apart; whUst on the other leg he could 
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distinguish them at a distance of twelve centi- 
metres. The normal limit for that limb is gener- 
ally from three to five centimetres. In another 
case, where anaesthesia was slighter, the limit of 
the discriminating power was at from nine to six- 
teen centimetres. In two other cases, in which 
the diminution of sensibility had not been dis- 
covered by other means of diagnosis, the compass 
indicated a very slight and beginning anaesthesia 
— ^the limit being at from six to seven cen- 
timetres. 

These facts demonstrate that, by the help of a 
pair of compasses, a physician can with tolerable 
precision determine : 1st, whether there may be 
slight anaesthesia or not ; 2nd, what is the de- 
gree of anaesthesia ; 3rd, what changes occur 

m 

from day to day in the amount of anaesthesia as 
regards tactile sensibility. 

The same is true for cases of hyperaesthesia. 
In a case of paraplegia of motion, the patient felt 
the two points of the compasses on his feet, even 
at the distance of five millimetres, whilst a 
healthy person feels the two points only when 
they are at a greater distance than twenty-five 
millimetres. For success in such experiments, 
the two points should be blunted and applied 
simultaneously. 
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To how great a degree this tactile sensibility is 
capable of improvement by education, is known 
to everyone who has visited institutions for the 
reception of blind persons; yet, in making com- 
parative experiments on diflferent individuals, or 
even different parts of the same person, it should 
not be forgotten how much its delicacy may 
depend upon the condition of the skin itself, 
quite independently of the nervous system. 

I have dwelt at some length on this subject, 
because I fancy that a close investigation of 
cases at the bedside, with subsequent patholo- 
gical scrutiny, can alone set at rest this question. 
Although I admit that Dr. Brown-S^quard 
deals with it, as with all the topics treated of in 
his Lectures, with great subtlety, acuteness, and 
ability, yet I cannot accept as proved, his 
idea that the nerve fibres employed in the trans- 
missions of sensitive impressions of touchy tick- 
ling, pain, etc. are as distinct one from the 
other as they all are from the nerve fibres em- 
ployed in the transmission of the orders of the 
will to the muscles. Just as we must require of 
phrenologists to determine psychologically what 
are, or what are not, the fundamental faculties of 
the mind, before, as physiologists, we can venture 



174 CRITICAL ESSAY ON THE PHYSIOLOGY 

to assign to each its local habitation ; so, before 
we can assign diflferent conductors to each variety 
of sensitive impression, must we determine what 
are the various sensitive impressions which are 
fundamentally distinct from one another. We 
may incline to admit the general truth of Dr. 
Brown-S^quard's view with reference, for in- 
stance, to the appreciation of weight through mus- 
cular action, as distinct from the feeling of heat, 
while we regard touch, tickling, ordinary pain, as 
mere phases of one more general sensation, de- 
pending perhaps, in their varieties, upon the tex- 
ture of the skin, the hair, etc. It is certain, 
however, that the analysis of cases given by Dr. 
Brown-S^quard lends considerable weight to his 
idea : 

Thus, Case 24 is reported as having lost the 
feeling of pinching, pricking, and muscular sensi- 
bility; sensibility to cold and tickling remaining. 

Case 23. — Loss of the feeling of tickling or 
contact ; persistence of the feeling of pain. 

Case 13. — Loss of tactile sensibility ; increased 
sensibility to painful impressions. 

Dr. Budd's case (Medico-Chirurgical Transac- 
tions), in which contact was felt while heat was 
not perceived. 
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OUivier's case.— Loss of feeling of pain on 
pinching; diminished sensibility to cold, heat, 
and touch. 

It has been ingeniously suggested that the ap- 
preciation of harmonic sounds by the auditory 
nerve, the peculiar and agreeable thrill, for in- 
stance, produced by notes which are the octaves 
of each other, bears the same relation to ordinary 
heartag. that ticMing does to ordinary .^tile Z 
sibility. The notion of Dr. Brown-S^quard seems 
to lead to the supposition that distinct nerve 
fibres may exist for each variety of auditory sen- 
sation; and analogy might lead to the supposition 
that the optic nerve contained distinct conductors 
for every colour of the spectrum, so that colour- 
blindness and absence of "ear" would find their 
explanation in deficiency or absence of the con- 
ductors of these sensitive impressions. These 
speculations, however, touch on subjects of so 
delicate a nature, that we fear they are likely to 
remain for ever merely hypothetical. 

Although, therefore, it appears to me that Dr. 
Brown-S^quard's view wants further evidence 
for its complete substantiation, I wish to state 
what exactly are hia notions on this subject. It 
seems to him that the conductors of the various 
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sensitive impressions pass along distinct fibres, 
which decussate in the spinal cord : that none of 
them go up to the brain along the posterior 
columns. It remains, in his opinion, to be 
known where the decussation takes place for the 
nerve fibres conveying different sensitive impres- 
sions ; but he conceives that for aU sorts of sensi- 
tive conductors save one, there is evidence that 
their place of decussation is in the immediate 
neighbourhood of the entrance of the posterior 
roots into the spinal cord; the conductors of 
the kind of sensitive impressions which originate 
in muscles when they contract — impressions 
which, on being felt, guide our movements — 
perhaps form . an exception, and decussate very 
high in the spinal cord : in support of which. Dr. 
Brown-S^quard cites the fact that in most of the 
cases of alteration of a lateral half of the spinal 
cord which he has reported, the voluntary move- 
ments are said to have been unimpeded on the 
opposite side of the body, which would not have 
been the case if the '* guiding sensation " had not 
been felt. In one of these cases, however (Case 
37), the patient had lost that peculiar muscular 
sensibility which guides voluntary movement, as 
she could not hold her child in her arm when she 
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did not look at that arm. But as the precise seat 
of alteration in this case was not known, no posi- 
tive conclusion can be drawn from it : it would 
only seem to show that the fibres of muscular 
sense do not decussate, along with those for mus- 
cular motion, in the decussation of the anterior 
pyramids. 

Before passing on to the consideration of 
the very important discoveries of modem phy- 
siologists, concerning vaso-motor nerve fibres, 
we may observe that even though it be assumed 
by some that there are distinct conductors for 
various sensitive impressions, yet it appears cer- 
tain that such conductors do not run in distinct 
bundles, along definite tracts of the spinal cord, 
any more than do the nerve fibres seem to run in 
groups or distinct bundles, from the surface sup- 
plied by them, to the brain. Were it so, and ad- 
mitting that sensitive impressions are mainly pro- 
pagated along the grey matter, it would follow 
that certain injuries done to the grey matter, but 
not dividing it completely, would be followed by 
loss of some particular variety of sensation, or, in 
the other instance, by anaesthesia in particular 
patches of the surface from which the divided 
bundles of nerve fibres would have come. But 
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this is not what occurs. After lesion of the spinal 
cord, engaging more or less of the grey matter, 
sensibility is not completely destroyed in certain 
places, remaining perfect in other parts : but 
sensibility is diminished, and apparently equally 
diminished, in all parts posterior to the lesion ; 
and this diminution of sensibility continues to be- 
come more marked, the more the grey matter is 
divided — ^until, when the anterior columns alone 
remain, anaesthesia is established. Thus, while 
one is certainly induced to believe that the grey 
matter of the cord conducts sensitive impressions 
as a whole — and not, as a nerve, by separate con- 
ductors coming from particular points — it is 
evident that the conductors in the spinal cord are 
not so arranged, as to follow distinct channels, 
running in bundles, in continuation of the nerve 
roots, nor does it seem probable that such is true 
for the conductors of pain, touch, tickling, etc. 
Indeed this, among other things, would incline 
one much more to regard the spinal cord as a 
nerve tubule on a very large scale, than as a large 
nerve composed of many independent conductors, 
as has been the view of many. Looked upon as a 
gigantic nerve tubule, the spinal cord may be 
considered as having, in its investing membrane. 
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a Structure analogous to the tubular membrane of 
a nerve fibre; and in the white structure of the 
columns, anterior, lateral, and posterior, the 
structure represented by the white substance of 
Schwann; while the grey meduUary substance 
takes the place of the axis cylinder. Of course 
this comparison merely serves to point out an 
ideal similitude ; nevertheless, as it seems probable 
that the axis cylinder, encased and insulated as it 
is by the surroimding tunics, can be the means of 
conveying sensations produced by divers means of 
irritation, so it seems that there is some reason to 
suppose that the grey matter conveys all sorts of 
impressions, and even also the orders of the will 
to muscles. 

If we divide transversely, in the dorsal region, 
the whole posterior half of the grey matter and a 
part of the lateral columns, besides the posterior 
columns, we find that the voluntary movements 
are much diminished in the abdominal limbs. If 
the division be carried further, so that the whole 
of the central grey matter be divided, the animal 
can hardly move its abdominal limbs, and if we 
add to this section that of the anterior horns of 
grey matter, the loss of movement seems to be- 
come complete, although the anterior colimms 
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continue undivided. Hence it seems that, not 
only is the grey matter the conductor of sensitive 
impressions, but that also the commands of the 
will to the muscles in a great degree pass along 
it : nay more — that in making a gradual division 
of the grey matter, power of voluntary movement 
is, by degrees, diminished more and more, until it 
is entirely lost in the abdominal limbs, while yet 
the anterior columns remain undivided. 

In the four succeeding lectures. Dr. Brown- 
Sequard enters upon an analysis of pathological 
cases, bearing upon the views which he has elu- 
cidated by experimental research in the pre- 
ceding discourses. I have already said that it 
is not my intention to enter upon the consider- 
ation of the pathological portion of Dr. Brown- 
S^quard's work : I shall therefore content myself 
with saying upon this subject, that although, 
after a careful perusal of these chapters, I can- 
not in all respects coincide with the deductions 
drawn by the accomplished author from the cases 
he details, yet that it is obvious throughout, that 
he never seeks to coerce phenomena and symp- 
toms into harmony with any definite scheme of 
his own creation; that his only object seems to 
be the discovery of truth — not the framing of a 
systematic but baseless fabric. 
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I pass then directly to the latter chapters, 

Vaso-motor ^^ which the functions and relations 

nervous of the vaso-motor portion of the 

system. , •1-1 

nervous system are considered; or, 
in other words, leaving behind what relates to 
voluntary movements and sensibility, I come 
to the consideration of the influence of the 
nervous system on nutrition, animal heat, secre- 
tion, etc.; and, first, of the physiological and mor- 
bid actions due to the great sympathetic nerve. 

There is, perhaps, no department of physiology 
in which, within a recent period, two or three 
discoveries have afforded so comprehensive an 
elucidation of a large number of comparatively 
isolated facts, as in that connected with the vaso- 
motor nervous system. It was probably for the 
want of these discoveries that the observations of 
the thoughtful Whytt and of the profound Pro- 
chaska were so long neglected, and apparently 
forgotten ; or, at all events, that their real im- 
portance waB by no means understood. The 
expression of Prochaska with reference to the 
capability of sensorial being reflected into motor 
impressions, sufficiently proves that the mind of 
this great physiologist had grasped the idea, 
which Le Gallois and Mayo, Marshall Hall and 
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MliUer, did so much to develop subsequently. 
But even the facts accumulated by the latter ob- 
servers hung together but loosely, until their con- 
nexion and value were indicated by the more 
recent researches of Claude Bernard, Brown- 
S^quard, and others. 

Professor Claude Bernard published the results 
of his first researches on the efiects of division of 
the cervical sympathetic nerve, in 1851 and the 
beginning of 1852. The great fact announced in 
these publications was, that this section was con- 
stantly followed by a considerable afflux of blood 
to the parts of the head supplied by the sympa- 
thetic. Along with the greater afflux of blood 
and accompanying dilatation of the blood-vessels, 
the temperature becomes elevated, hyperaesthesia 
is noticed, and the vital properties of the parts 
generally become increased. 

Dr. Brown-S^quard, with Dr. Tholozan, had 
before this performed an experiment which, 
taken in connexion with the preceding, prepared 
the way for what was to be expected from gal- 
vanization of the cervical sympathetic, after sec- 
tion of it had first given rise to the above 
phenomena. The experiment alluded to is one of 
prime and fundamental importance, and was 
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undertaken with the intention of trying whether 
Dr. W. F. Edwaxds was right in his assertion, 
that if the temperature of one part of the body 
be raised or lowered, a corresponding rise or fall 
takes place, more or less, in aU other parts of the 
body, according to circumstances. This assertion 
is found quite true in one sense ; yet in exactness 
to bear an interpretation quite diflferent from that 
put upon it by Edwards. 

Drs. Brown-S^quard and Tholozan found that 
if one hand was plunged in water at the tempera- 
ture of its freezing point, a very strong lowering 
action was exercised on the temperature of the 
other hand ; while a thermometer placed in the 
mouth indicated but slight diminution of heat. 
Thus, in one case, the hand kept in the atmos- 
phere lost, in seven minutes, 22° Fahrenheit, 
while the temperature of the mouth was not 
diminished more than the fifth of a degree. One 
therefore cannot hesitate to admit that this cool- 
ing of the hand in the atmosphere was produced 
by a contraction of the blood-vessels, due to an 
action on the nervous system, and not to general 
loss of temperature affecting the blood of the sys- 
tem generally. Besides, it was observed that the 
greater the pain produced in the arm immersed in 

13 
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the cold water, the more the temperature was di- 
minished in the hand left in the air. But other 
proofs are not wanting to show that the action 
of the nervous system is, in this way, sufficient 
to diminish the calibre of the blood-vessels. I 
have myself performed the following modifica- 
tion of the foregoing experiment. A bat is 
placed upon a small piece of board, and fastened 
with both wings fully expanded, so that one, say 
the right, can be readily inspected with a micro- 
scope. As the web of the bat's wing is generally 
too much darkened with pigment to admit of 
very precise observation of the blood-vessels, it is 
necessary to peel off" some of the epidermis, which 
is easily done by seizing a portion of it with a 
pair of forceps over one of the metacarpal ribs of 
the wing and so tearing gently ofi* a small por- 
tion. In the portion thus denuded, an artery and 
accompanying vein are to be sought, and the for- 
mer accurately measured with an eye-piece micro- 
meter. If then a small muslin bag of snow, or 
pounded ice and salt, be applied to the other 
wing, in a short, time we may observe the artery 
under observation diminishing very remarkably in 
calibre — and indeed, under favourable circumstan- 
ces, becoming almost entirely closed, as I have 
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seen in a bat which had been flying about in a 
small room, the upper part of which was very- 
warm in consequence of the burning of gas in it; 
the animal was consequently warm, and its circu- 
lation very active at the moment of the com- 
mencement of the experiment. 

On the announcement, therefore, of Bernard's 
discovery of the result of section of the sympathe- 
tic, Brown-S^quard was prepared to expect that 
the irritation of the divided sympathetic by galvan- 
ism would probably be followed by constriction of 
the blood-vessels and the very reverse phenomena 
of those observed to follow the section ; and he, 
in America, and a couple of months later, Ber- 
nard in Paris, announced this important discovery 
to the scientific world, while Dr. Augustus 
Waller, though ignorant of the publications of 
either of the former experimenters, communi- 
cated the same discovery to the " Academic des 
Sciences.'' 

There is no doubt that the knowledge of the 
effects of paralysis and of irritation of the sympa- 
thetic nerve thus obtained, opened a new and 
most important field for physiological investiga- 
tion ; indeed it is one in which many labourers 
have already toiled with success. The immediate 

18* 
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connexions and relations of the sympathetic to 
the cerebro-spinal axis had, it is true, been already 
tolerably well investigated by anatomists; but 
the presiding influence exercised over the heart, 
blood-vessels, and indeed, over invblimtary mus- 
cular fibre generally, by the nervous system, had 
not been studied with success by physiologists ; 
the vast importance of the sympathetic system in 
its union with the cerebro-spinal axis had not 
been fully recognized, nor had any real attempt 
been made to explain many of the principal phe- 
nomena connected with nutrition, secretion, ani- 
mal heat, etc., which are now regarded as being 
under the control of the vaso-motor system of 
nerves. It is not possible to do more than 
allude to some of the leading hypotheses 
which have of late been put forward, with 
reference to the influence of the entire nervous 
system upon blood-vessels, or (as I have abeady 
stated in more general terms) upon involuntary 
muscular fibre, whether in the heart, blood-ves- 
sels, intestines, or elsewhere. 

One of the hypotheses in question appears to us 
as novel and startling, as it does speculative and 
untenable, and were it not that it is associated 
with the name of one of the most eminent experi- 
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mental physiologists in Europe, it would hardly 
call for even a passing mention. Professor Ber- 
nard has imagined, that the dilatation of the 
blood-vessels in many of the circumstances influ- 
encing secretion, etc., is an active phenomenon ; 
he fancies, in fact, that the capillaries have two 
properties — contraction and dilatation ; and, if we 
understand him aright, he conceives the latter to 
be no less an active phenomenon than the former, 
each being put into play by a distinct set of 
nerves. On the other hand, to say that the blood- 
vessels dilate in consequence of a greater attrac- 
tion for arterial blood developed in the tissues of 
the part, conveys to our mind no distinct mean- 
ing, but is merely putting into other, and less 
simple, terms the expression of what takes place 
when the small arteries are observ'^ed to become 
dilated. The view advocated by Pfliiger {Ueher 
dcbs Hemmungs N erven-system)^ must be admit- 
ted as exceedingly ingenious, and as giving a 
very adroit explanation of many of the pheno- 
mena in question ; but we cannot but agree with 
Mr. Joseph Lister, that the supposition that there 
is a certain set of nerve-fibres, the so-called 
inhibitory system of nerves {Hemmungs Nerven- 
system), whose sole function is to arrest, or keep 
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a check upon action, seems a very startling inno- 
vation in physiology, and one which we must 
be very cautious about accepting, so long as the 
same phenomena may be accounted for by the 
supposition of a more simple, comprehensive, and 
uniform action in those nerve-fibres, which seem 
to preside over the movements of involuntary 
muscles. Indeed, we cannot help looking for- 
ward to a further development of the notions 
shadowed forth by Lister — that the peripheral 
expansions (ganglia and nuclei, etc.) of the ner- 
vous system are in all cases essential to these 
contractions of vessels, etc., and while capable of 
independent action, are nevertheless susceptible 
of being stimulated or checked by the governing 
influence of the central nervous system ; the so- 
called inhibitory influence being due to the more 
or less energetic operation of the same nerve- 
fibres, and bearing a remote analogy with that 
almost, if not entirely, passive condition of the 
nervous system, which gives rise to muscular 
tonicity.* 

* The view here put forward is, I conceive, that now very gen- 
erally accepted by physiologists. An able reviewer of Vulpian's 
lately published work on the va so-motor apparatus thus epito- 
mizes his observations on the subject : 

''As was to be expected, various attempts have been made to 
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But to pass from the realms of hypothesis, it 
appears tolerably certain that the sympathetic 
nerve is, first, essentially though not exclusively, 

explain the mechanism of the vaso-dilator nerves. These are 
examined by Yulpian, and are shown to be, for the most part 
quite inadequate. 

" He rejects the theory of active dilatation of the vessels as in- 
consistent with our knowledge of the structure of their walls : he 
shows that the arterial distension cannot be due to obstruction 
caused by contraction of the veins, because these vessels are also 
dilated, and the quantity of the blood and' the rapidity of its 
flow in them, as well as in the arteries, are increased. He con- 
siders, at some length, the view of Dr. Brown-Sdquard, who sup- 
poses that the irritation of the nerves acts, not on the vessels, 
but on the tissues, and increases their attraction for the blood, 
which accumulates in them in greater quantity, being drawn on 
by a vis d f route. He formerly looked on this theory as the 
most plausible, and thought that it derived strong support from 
his own experiments on the vascular area of the embryo, and 
from those of Weber on the vessels of amputated limbs ; but now 
he thinks that the results of these experiments may be otherwise 
explained, and he urges that if the increased vascularity was 
caused by an attraction between the blood and the tissues, the 
pressure in the veins should diminish, whereas it is always in- 
creased during irritation of the nerves. He also notices the very 
important fact that when at the same time a manifest action is 
exerted on the tissues and on the vessels by the irritation of the 
same nerve, these two actions can be separated one from the 
other. Thus, irritation of the corda tympani causes vascular 
dilatation in the submaxillary gland and increased flow of saliva. 
Bernard notices that these two effects were not accurately coinci- 
dent in time, and Heidenhain has discovered that in an animal 
poisoned with atropine, the dilatation of the vessels is the only 
consequence of the irritation, there being no increase in the flow 
of saliva. 
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a motor nerve of blood- vessek; secondly, that it 
originates chiefly from the cerebro-spinal axis; 
thirdly, that its paralysis is characterised by a 
dilatation of blood-vessels and afflux of blood, 

" M. Vulpian uow thinks the phenomenon in question can be 
best explained by supposing that the dilator nerves exert an in- 
hibitory action on the constrictors. These latter are always in 
action, and the condition of mean contraction of the vessels thus 
kept up is called the vascular tonus. This is probably maintain- 
ed by the nervous centres acting through peripheral ganglia, 
with which both constrictor and dilator fibres are in connexion. 
The dilators are not constantly in action, and their section is 
without eifect ; but when they are irritated they exert an inhibi- 
tory action on the ganglia (just as the vagus fibres do on the 
inti'acardiac ganglia), destroying the vascular tonus, and the ves- 
sels dilate under the pressure of the blood. So that although 
the process is active in the nerves, it is passive in the vessels. 
That the dilation caused by irritation of the dilators is greater 
than that following section of the constrictors, is no objection to 
this theory, for it is difficult to cut all the constrictor fibres of a 
part which often run in various channels, and by the section the 
peripheral ganglia are untouched, and may be effective in keep- 
ing up some contraction ; but when the dilators are called into 
action, they make inactive all the constrictors, and exert their 
paralysing influence on the ganglia at the terminations of the 
nerves. 

" This view, or one like it, is, we believe, that now generally 
held by physiologists to explain the vaso-dilatory action of cer- 
tain nerves. It was developed most ably, some years ago, by 
Professor Butherford, who called special attention to the fact 
that the inhibitory nerves ' appeared to end in vaso-motor nerve- 
cells whose evolutions of energy they are capable of diminishing. 
M. Vulpian does not allude to Professor Butherford's researches 
on this subject." 
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and by the results of this afflux; and fourthly, 

that its excitation, whether direct or reflex, is 
characterised by a contraction of the blood-ves- 

sek, and the results of this contraction. The 
origin of the cervical sympathetic has been indi- 
cated by Augustus Waller and Budge, as taking 
place between the sixth cervical and fourth dor- 
sal vertebrae, and it is probable that it has an 
origin even more extended. As regards the 
other fibres of the sympathetic. Dr. Brown- 
S^quard believes, that those going to the blood- 
vessels of the various parts of the head, come out 
mainly from the spinal cord by the roots of the 
last cervical, and first and second dorsal nerves. 
Their real place of origin he thinks to be partly 
the spinal cord, and partly the higher portions 
of the encephalon, but chiefly the medulla ob- 
longata and the neighbouring parts of the ence- 
phalon. In the other parts of the body, the 
nerves of the blood-vessels seem to come chiefly 
from the cerebro-spinal centre as weU as the 
cervical sympathetic. 

On division of a lateral half of the spinal cord 
in the dorsal region, we find in the lower limb on 
the same side, most of the effects of a section of 
the sympathetic in the neck, viz. : dilatation of the 
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blood-vessels, increase of heat and sensibility, -and 
of the general vital properties of the parts. 
Hence it seems to follow that the vaso-motor 
nerve-fibres follow, in the spinal cord, a course 
similar to, if not identical with, the fibres for tie 
propagation of commands of the will to the mus- 
cles; so that, referring again to our diagram, a 
section of the spinal cord 
in the dorsal region, sap- 
pose at 3, would be follow- 
ed, on the same side as the 
injury, by paralysis of mo- 
tion and the symptoms of 
paralysis of the vaso-motor 
nerves, i.e., dilatation of the 
blood-vessels, etc. In this 
fact, we find some means of accounting for the 
hypersesthesia on the side of the lesion; for the 
dilatation of the blood-vessels is, as we know, 
accompanied by an increase in the vital properties 
of the part; hence we find increase of heat and 
increase of sensibility. Whether this explana- 
tion is one altogether satisfactory I shall consider 
afterwards. 

As the dilatation of the blood-vessels, result- 
ing from paralysis of the vaso-motor nerves, 
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has been experimentally shown in the head of 
the rabbit, after section of the cervical sympa- 
thetic, and in the lower limb on the same side, 
after section of a lateral half of the spinal cord, 
so the constriction or spa^m of these vessels 
has been made obvious as the result of galvanic 
and other stimulation. The discovery of Dr. 
Brown-S^quard as to the contraction of the ves- 
sels of the ear on galvanization of the cervical 
sympathetic after section, was a prime step in 
this direction. We regard, likewise, the researches 
of Mr. Joseph Lister,* " On the parts of the 
uervous system regulating the contractions of the 
arteries,'' as of great value, and as having done 
much to explain the discrepancies upon this sub- 
ject found between the experiments of SchiflF, 
Wharton Jones, Waller, and others. The con- 
striction, says Lister, of the arteries of the frog's 
webs, on irritation of the cord, may be well de- 
monstrated in the following simple manner. 
The head of the frog being depressed, so as to 
stretch the ligament between the occiput and the 
first vertebra, a sharp knife is carried across the 
spinal canal, immediately behind the head, so as 



* Philosophical Transactions, Part ii. 1858 ; also On the Early 
Stages of Inflammation, by the same author, iu the same volume. 
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to divide the cord from the brain; the toes may 
now be tied out, and any observation i^ade upon 
the web, without the inconvenience generally 
produced by voluntary struggles on the part of 
the animal, while at the same time the use of 
chloroform is avoided, which is desirable, on 
account of the irritating eflfect of its vapour on 
the web, and the constant care required for its 
administration* If the webs be examined, im- 
mediately after the operation, they will be found 
exsanguine from the extreme constriction of the 
arteries ; but in a few minutes this state will give 
place to dilatation, with free flow of blood. If 
now a fine needle, curved at the end, be intro- 
duced through the wound in the spinal canal, so 
that its point may penetrate a short distance into 
the cord, while the eye of the observer is kept 
over the microscope, the arteries will be seen to 
become constricted to absolute closure, and to 
dUate again after withdrawal of the needle. The 
experiment may be repeated as often as may be 
desired, until the cord becomes disorganized. 
Pfluger, in operating upon the large edible frog, 
succeeded in applying the galvanic stimulus to 
the anterior roots of the sciatic nerve within the 
spinal canal, with the effect of producing com- 
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plete constriction of the arteries of the webs. 
Division of the same roots, on the other hand, 
was followed by full dilatation of the vessels. 
From this experiment it appears that the vaso- 
motor nerve-fibres pass along with the motor 
nerve-roots. 

For a considerable time past physiologists have 
been familiar with the influence of reflex actions 
on secretion and nutrition. Since the publica- 
tion of Mliller's Manual of Physiology y Stilling's 
Treatise on Spinal Irritation, and Henl^'s various 
works, no treatise on physiology, or general 
pathology, has appeared which has not fully re- 
cognised the reflex phenomena of nutrition and 
secretion, as something well known. This makes 
it the more surprising, that, shortly before his 
death. Dr. Marshall Hall announced, as a new 
discovery, the supposed existence of an excito- 
secretory and secretory nerve system. Dr. 
Campbell, of Georgia, U. S., claimed priority of 
this discovery, which Marshall Hall in a great 
measure conceded to him : but the truth is that 
neither one nor the other adduced one single fact 
to show the existence of any such distinct system 
of nerves. Admitting the vast importance of the 
influence exercised over secretion and nutrition 
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by the vaso-motor nervous system, admitting 
that many phenomena hitherto inexplicable, find, 
in the effects produced upon the blood-vessels by 
paralysis and excitation, whether direct or reflex, 
of this system, a complete explanation ; still the 
question comes, can we explain all the pheno- 
mena, normal and pathological, showing the 
direct or reflex influence of the nervous system 
on nutrition and secretion by deduction from the 
above truths 1 Are they all due to the effects of 
paralysis or excitation of the sympathetic nerve 
on blood-vessels 1 We entirely concur with the 
answer given to this question by Dr. Brown- 
S^quard, that facts discovered by Ludwig, by 
Czermak, and especially by Claude Bernard, seem 
to have solved the question in the most positive 
manner. It seems absolutely certain that there is 
some agency of the nervous system, which is not 
simply an influence on the constricting muscular 
fibres of blood vessels, in the normal, or patho- 
logical, phenomena of secretion and nutrition. 
Professor Bernard has pointed out how that, in- 
stead of contracting, the blood-vessels of the 
salivary glands become enlarged, when certain 
nerves are excited. To explain this and other 
apparently contradictory facts, we must seek 
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for some theory embracing a wider generaliza- 
tion than any hitherto propounded. As I have 
akeady said, the notion of Dr. Brown-S^quard 
that this enlargement in the blood-vessels must 
be due to a greater attraction of the arterial 
blood by the tissue of the gland, seems to me a 
mere change of terms, explaining nothing. In- 
deed it leaves physiology as regards these pheno- 
mena in very much the same position as did 
Prochaska, whose observations on " The action of 
nerves on vessels and their fluids " are both in- 
teresting and instructive. 

" Another function of the nerves," says this 
most acute observer, ** consists in a certain power 
over the blood-vessels, and specially the capil- 
laries, in virtue of which, when the nerves are 
stimulated {Tj they excite, in that part in which 
they are distributed, a much more copious accu- 
mulation of blood than would have taken place 
in the normal condition of the circulation. Stahl 
termed it the tide of the microcosmic sea, or the 
ebb and flow of the blood — one cause of it is a 
stimulus of the nerves. Innumerable phenomena 
of daily occurrence show this. Thus a stimulus 
to the nerves is the cause why the cheeks, ears, 
and nose becomes intensely red and a sense of 
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heat is felt, when exposed to a cold wind in 
winter. No one is ignorant how much the 
Btimulus of sinapisms and blisters causes deriva- 
tion to the stimulated part ; an acrid smoke, or 
fine powder, getting into the eyes excites a 
copious flow of tears, and the vessels of the con- 
junctiva, previously invisible, become distended 
with blood. The smoke of tobacco or any other 
acrid aroma, retained in the mouth, excites a 
copious flow of saliva, etc. But the same thing 
happens when the nerves are excited not directly 
but indirectly through the brain. We know that 
the face is suffused with the blush of modesty ; 
grief causes a copious flow of tears, congestion of 
the vessels of the conjunctiva, and redness and 
swelling of the whole face. The sight of agree- 
able food provokes the flow of saliva ; it is not 
unusual for some persons to vomit, or be purged, 
by only seeing a medicine, etc. Does not the vis 
nervosa^ increased by a stimulus, render the force 
of attraction of the fluids circulating through the 
vessels greater, so that by this means the fluids 
are attracted from every side to the centre of 
stimulation, as occurs, for example, when sealing 
wax is gently rubbed on a piece of cloth, and 
made electrical, and attracts sand and particles 
of various kinds 1 '' 
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Modern physiology will hardly be content 
to answer this question in the aflSrmative; to 
me it would seem as unsatisfactory as the sup- 
position of active dilatation of the blood-vessels. 
Although to my mind the solution given to the 
question, how a reflex action may produce or 
stop a secretion, how it may produce an atrophy 
or an hypertrophy, an inflammation or some 
other change in nutrition, by Dr. Brown-Sequard, 
is in some respects not more satisfactory than 
that offered by Prochaska, yet it must be admitted 
that he puts forward his view very forcibly. 

There are, he argues, two modes of action of 
the nervous system in the production of the 
phenomena of nutrition and secretion. By one 
of these actions, the nervous system determines 
an increase in the attraction of blood by the 
living tissues, and in this case the phenomena are 
accompanied by a dilatation of the blood-vessels; 
while the reverse exists when the nervous system, 
instead of acting upon the parenchyma of the 
tissues, acts upon the walls of the blood-vessels, 
and produces a constriction. In the first case, 
the quantity of blood passing through the part 
on which the nervous system has acted, is in- 
creased; while in the second case it is diminished. 

14 
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In the first case the secretions are increased ; in 
the second diminished. In the first case, nutri- 
tion is more active, and there is a tendency to 
hypertrophy and an augmentation of the vital 
properties of nerves and muscles ; in the second 
case, nutrition is not active, there is a tendency to 
atrophy, and a diminution of the vital properties 
of nerves and muscles. Lastly, in the first case, 
there is an augmentation of temperature, while in 
the second there is diminution. There is there- 
fore the most complete diflference between these 
two nervous influences. 

Let us now, he continues, employ the know- 
ledge of these two modes of action of the nervous 
system, to explain what occurs in some cases of 
secretory or nutritive reflex phenomena. Suppose, 
for instance, a calculus in one of the ureters : it 
irritates the centripetal nerve-fibres of this canal ; 
the irritation is transmitted to the spinal cord, 
which reflects it upon the muscular coat of the 
blood-vessels of the two kidneys, and produces a 
contraction, in consequence of which there is 
muchness blood passing through these organs, so 
that the urinary secretion is stopped, or much 
diminished. Suppose a worm in the bowels irrita- 
ting their centripetal nerve-fibres : the irritation 
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is propagated to the spinal cord, which reflects it 
upon the roots of the cervical sympathetic nerve, 
by which it reaches the blood-vessels of the 
retina, produces their contraction, and as a con- 
sequence of this cause of diminution in the 
amount of blood, an amaurosis. If, instead of 
the reflex action of the blood-vessels, there is an 
action on the tissues, as in the case of the experi- 
ments of Czermak and of Professor Bernard, the 
blood-vessels dilate, and more blood passes 
through them. The cornea, for instance, is 
irritated : its centripetal nerve-fibres transmit the 
irritation to the pons Varolii, which reflects it 
upon the retina, the lachrymal gland, the con- 
junctiva, etc. ; more blood is attracted by all these 
parts, their blood-vessels dilate, and the conse- 
quences of a greater amount of blood become 
manifest — increase of tears, photophobia, etc. 

The two kinds of effects produced by the 
nervous system on nutrition and secretion, may 
co-exist, or follow each other ; and we have in- 
stances of such a combination or alternation in 
cases of neuralgia, of worms, etc* 

Whatsoever physical explanation may be adop- 
ted for the many interesting facts concerning the 
sympathy existing between remote parts of the 

14* 
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body, it will be admitted that the subject is one 
of amazing importance, and, considering its im- 
portance, it is surprising that so little has been 
done by physiologists 9,nd practitioners to develop 
its manifold relations, in health as well as in dis- 
ease. Although more than once regretting that 
his space does not allow him " to enter in greater 
developments" on his subject. Dr. Brown-S^quard 
deals with it at considerable length, and in some 
respects treats it with great originaUty. In 
spelng of the morbid chlnge, in I niition 
of the Ln. of the spiml J, and of the o^ans 
of sense, produeed by an irritation of some 
centripetal nerve, he shows that insanity, epilepsy, 
chorea, catalepsy, extasis, hydrophobia, hysteric 
and other varieties of nervous complaints, may 
be the result of a simple, often slightly felt, irrita- 
tion of some centripetal nerve. He brings what 
we conceive to be very ingenious, and at the same 
time valid, arguments in support of this novel 
view — ^that it is occasionally by a reflex action of 
one part of the cerebro-spinal axis on another 
part of itself, through the nerves going to the 
blood-vessels, that irritation of one portion of the 
nervous centre acts in modifying or altering the 
nutrition of another portion of itself. In this 
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way he oflfers an explanation of the attacks of 
epilepsy and epileptiform seizures, resulting from 
organic lesion of the nervous centres. 

The researches of Dr. Brown-S^quard concern- 
ing the etiology and nature of epilepsy, are 
known to all the world, while his production of 
artificial epileptiform attacks in animals as the 
result of lesion of the spinal cord, and the very 
remarkable discovery that the offspring of animals 
thus rendered epileptic, frequently acquire, by 
hereditary descent, the same affection, are facts 
no less interesting to the naturalist than to the 
physiologist. But this subject, which, with that 
of rotatory convulsions, is discussed in his two 
final lectures, it is not my intention to enter 
upon. I shaQ content myself with observing 
that they are lectures of great practical value, and 
show in every line the extraordinary importance 
of studying, in all their varied aspects and com- 
plex forms, the phenomena of reflex excitability. 
In reviewing the principal of such phenomena, 
I cannot but admit that the best physical expla- 
nation of them hitherto given, seems to be that 
through the action of the vaso-motor nerves on 
the blood-vessels of the nervous centres. Donders, 
and his pupil. Van der Beke Callenfels, have 
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shown the influence of these nerves directly on 
the vessels of the pia mater ; and the experiments 
of Kussmaul and Tenner, although coming from 
a different direction, are strongly confirmatory of 
Brown-S6quard's views, and seem to those able 
experimenters to justify them in asserting " that 
epileptic convulsions can be brought about by 
contraction of the blood-vessels induced by the 
vaso-motor nerves/' A great number of observers 
have of late added new facts to the physiology 
of the vaso-motor nervous system. But can we 
regard the characteristic phenomena of epilepsy, 
or the still more subtle forms of disease met with 
in insanity, vertigo, hallucinations, etc., as entirely 
explicable by any such physical changes 1 Must 
we not, at least, still recognise the humoral views 
of Todd, and such notions as have been put 
forward by the original and ingenious Dr. C. B. 
Kadcliffe, as having their element of truth as a 
" vera causa " in some cases ? When we see a 
large snake struck across the tail with a rod, and 
instantly, in the twinkling of an eye, seized with 
a paralysis as complete as death, which yet, after 
a time, passes off again, can we attribute such a • 
condition to the constriction of the blood-vessels 
of the cerebro-spinal axis 1 I think not; be- 
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cause we know that among these animals, the 
cerebro-spinal system does not (even after the 
evacuation of the blood of the body) speedily 
cease to exercise certain functions, and perform 
movements; and, moreover, I have proved ex- 
perimentally, that even after decapitation, a blow 
across the tail stops for a while all the movements 
which, under ordinary circumstances, persist for 
a considerable time. The eflfect, therefore, cannot 
be attributed to disturbance through the blood- 
vessels ; it appears rather to be due to an altered 
molecular condition of the nervous centres, result- 
ing from the blow, and more or less persistent. 
That a shock conveyed to the central nervous 
system through its peripheral nerves, should, with 
the instantaneousness of a lightning flash, lock 
in insensibility and motionlessness the entire 
frame of the creature, cannot, to my satisfac- 
tion, be accounted for through the action of the 
vaso-motor trunks upon the blood-vessels, any 
more than the opposite class of phenomena de- 
tailed in the following case. 

" Case 44. On rising in the morning, a lad 
fourteen years old was heard by his father mak- 
ing a great disturbance in his bed-room, who. 
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rushing in to know the cause, found his son in 
his shirt, violently agitated, speaking incoherently, 
and breaking to pieces the furniture. Mr. - .- . 
caught the lad in his arms and threw him back 
on the bed, when he at once became composed, 
but did not seem conscious of the mischief he had 
done. He said that on getting out of bed he had 
felt something odd, but that he was very well, and 
thought that he might have had a frightful dream, 
although he could not recollect it. I was im- 
mediately sent for, and the lad ordered to remain 
in bed until I had seen him. About five hours 
after I found the lad lying in bed, reading some 
amusing book; his tongue clean, pulse regular, 
countenance calm and cheerful. He said he was 
quite well, and wished to get up, but that his 
father had ordered him to remain in bed until I 
had seen him. I was informed before I went up 
to his bed-room that the lad had never before, 
been heard to complain of disturbed dreams, or 
walk in his sleep, or exhibited any epileptic symp- 
toms, and that his general health had been good, 
and all his functions regular. Finding the patient 
free from any apparent disease, and that he had 
eaten with good appetite and no disturbance his_ 
usual breakfast, I desired him to get up. When 
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sitting up in his bed lie drew op his stockings; but 
on putting his feet on the floor and standing up, 
his countenance instantly changed, the jaw became 
violently convulsed, and he was about to rush 
forward when I seized and pushed him back on 
his bed. He was at once calm, b;ut looked surr 
prised, and asked what was the matter with him. 
He assured me that he had felt no pain, had 
slept well, but that he felt odd when he ^tood up. 
I found that he had been fishing on the preceding 
day, and, having entangled his line, had taken off" 
his shoes and stockings and waded into the river 
to disengage it ; but he said he had not cut his 
feet, or met with any other accident. To ascer- 
tain this point, I made him draw off" his stockingSj^ 
and examined his legs minutely. Not the slight- 
est scratch or injury could be seen ; but on hold- 
ing up the right great toe with my finger and 
thumb to examine the sole of that foot, the leg 
was drawn up and the muscles of the jaws were 
suddently convulsed, and on releasing the toe 
these effects instantly ceased. I then closely in- 
spected the toe. The nail was perfect ; there was 
not the least swelling or redness in the surroupd- 
ing parts, nor any tenderness or uneasiness Mt 
when I compressed the toe laterally, or moved it, 
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held thus, in any direction ; but on the bulb of 
the toe, nearly at the point where the circumgyra- 
tions of the cuticle centre, there was a very small 
elevation, as if a bit of gravel less than the head 
of a small pin had been there pressed in beneath 
the cuticle. There was not the least redness on 
this spot, nor any sensation or effect produced by 
passing my finger over its surface ; but on com- 
pressing it with my finger and thumb against the 
nail very cautiously, a slight convulsion instantly 
ensued. I asked the patient if anything pricked 
him 1 He said " No, but something made him 
feel very odd." On examining this part weU with 
a pocket lens, no scratch or puncture of the 
cuticle could be discovered. I then, with a pair 
of scissors, included and snipped away the slightly 
elevated part, but not so deeply as to denude the 
cutis beneath. In the bit of the cuticle thus re- 
moved I expected to find some point of a thorn 
or particle of sand, but could not detect anything 
of the kind. I then pressed the toe in every 
direction — the strange sensation was gone, and 
never returned. I do not know that any member 
of the patient's family had ever been under treat- 
ment for insanity ; but two of his uncles, and I 
believe an aunt, were suicides, and the patient 
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hin«lfn^, rafter™*™, found a^wn- 
ed^by the cautious verdict of an inquest." 

Every physician has probably from time to 
time met with kindred, although much less re- 
markable cases, resulting from reflex irritation; 
I have myself, more than once, seen cases of 
hiccup, which had for several days resisted all 
the ordinary remedies, stopped at once and per- 
manently, by making an incision for the evacu- 
ation of a small quantity of pus from the sole of 
the foot ; we have also witnessed an instance in 
which a patient suflFering from erysipelas in the 
lower limb, was suddenly, at midnight, seized 
with violent, maniacal delirium, shouting so as to 
disturb the neighbourhood, and plunging and 
kicking so as to be with difficulty restrained An 
incision made along the side of the tibia, of which 
the patient was apparently unconscious, gave exit 
to some grumous pus ; instantly the sufferer be- 
came composed, and in less than half an hour 
was sleeping soundly ; the delirium did not return. 
But the question is, how are such reflex pheno- 
mena to be accounted for 1 does not the contem- 
plation of the theories now generally adopted as 
to the forces acting in the inorganic world, induce 
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US to suppose that, in the Uving organism, analo- 
gous molecular changes, altogether independent 
of the blood-vessels, may give rise to many of the 
phenomena in question ? In such cases, we con- 
fess that analogy is an unsafe guide, but, on the 
other hand, it is difficult, if not impossible, not to 
be led some little way by it. 

In conclusion I wish briefly to discuss two 
topics already alluded to; Istly, as to the muscular 
sense, i.e., the appreciation of the feeling which 
accompanies muscular contraction, and which, 
in its exaggerated condition, constitutes the ex- 
cruciating suflfering which attends cramp and 
various muscular spasms; and 2ndly, as to the 
hjrperaesthesia which follows the section of a 
lateral half of the spinal cord in the posterior 
limb, on the same side as the lesion. 

Magendie discovered, in 1839, that irritation 
Muscular ^^ *^^ anterior or motor roots of the 
sense, pain spinal ncrves causes pain, and fur- 
r^aSd ther, that when these roote axe di- 
. spaam. ^^ed, irritation of the distal extrem- 
ity only gives pain; while if the posterior roots of 
the corresponding spinal nerves be next cut across, 
pain no longer results from the irritation just 
mentioned. On these facts Magendie founded 
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his hypothesis of recurrent sensibiUty. Now 
what may be the cause of the pain resulting 
from an irritation propagated thus centrifugaUy 
along a motor, and then centripetally along a 
sensitive nerve? To this question Dr. Brown- 
S^quard gives a most ingenious answer. Al- 
though Matteucci and Dubois Keymond differ as 
to the explanation of the phenomenon, yet all 
agree that if a so-called rheoscopic frog's leg be 
prepared and laid on an insulating plate, and a 
second leg be laid across it, so that the nerve 
alone of the second is in contact with the muscles 
of the first, a contraction produced in the first 
leg by galvanic or other stimulus, is followed 
by a secondary (or induced f) contraction in the 
second, and so for three or four limbs imder 
favourable circumstances. This is due to some 
change in the galvanic state of the muscle, which 
by its contraction thus excites the nerve lying 
on it. Now Dr. Brown-S^quard supposes that 
this change in the galvanic state of a muscle is, 
in the natural condition, perceived by the sensi- 
tive nerves of the muscle ; and the delicate per- 
ception of this galvanic change accompanying 
muscular contraction, however slight, gives to us 
a correspondingly delicate appreciation of the 
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feeling of weight, which is one of the most 
striking phases of the so-called " muscular sense/' 
The more violent the contraction, the more 
marked is the disturbance of the galvanic 
equilibrium, and consequently the more distinct 
and strong the impression conveyed to the 
central nervous system. Normally these con- 
tractions are unaccompanied by pain, but if the 
muscular contraction be very violent, or if the 
centripetal nerves of muscle be in a hypersesthetic 
condition, pain results, and hence that accompany- 
ing spasm and cramp. In support of this view 
Dr. Brown-S^quard gives the following experi- 
ment : 

If we fix a thread to the tendon of a 
muscle of a frog, and attach to this thread a 
weight capable of entirely preventing the con- 
traction of the muscle, which is fixed by its 
other extremity, we find that every time the 
muscle tends to contract, there is an excitation 
of the nerve lying upon it, and a contraction of 
the muscle to which this nerve is distributed. 
Hence it is not necessary for muscle to contract 
in order to produce in nerves in contact with it a 
galvanic excitation. It is sufficient that they tend 
to contr^^ct. Now it is found that the greater 



AND PATHOLOGY OF THE SPINAL COBD. 213 




the resistance to the contraction of the muscle, the 
greater is the galvanic excitation that it gives to 
nerves in contact with its tissue. On the con- 
trary, if there is no resistance at all, as already 
shown by Prof. Matteucci, after the section of 
the tendon, then galvanic excitation of the nerves 
in contact with the contracting muscle no longer 
exists. 

In this manner Dr. Brown-S6quard attempts 
to explain, with what appears to us singular in- 
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genuity, the pain accompanying contracted mus- 
cles, cramps, spasms, contraction of the uterus, 
etc., etc. 

What is to be considered as the true cause of 
„ ,^ . the increase of sensibility which fol- 

Hypersestnesia "^ 

succeeding lows a division of a lateral half of 

division of a , i • i j • i. j 

lateral half *^^ spmal marrow, and is observed 
of the spinal to take place on the same side as 
the lesion? Hyperaesthesia (or at 
least such augmentation of sensibility as we can 
discover in animals by pricking, pinching, etc.) 
seems to result from two distinct conditions, 
viz., increased vascularity of the surface, and 
also increased vascularity of portions of the cere- 
bro-spinal centres. Of the first we have a fami- 
liar example in the great sensitiveness of a 
portion of the skin irritated by the application 
of a sinapism ; the peripheral expansions of the 
nerves seem to become, in consequence of the 
greater supply of blood, more acutely sensitive 
to impressions made upon them — to undergo, 
in fact, an exaltation of function. Of the se- 
cond we have an illustration in the increased 
sensibility, which forms so striking a symptom 
of the early stages of cerebro-spinal meningitis. 
In this case, the increased vascularity of the 
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central nervous system is accompanied by an 
increase of sensibility of the smface. We know 
that when the sympathetic nerve is divided 
in the neck of a rabbit, the ear on the same 
side becomes warmer, more vascular, and more 
sensitive than the other, and that the same 
consequences are met with, on the same side as 
the section, in the posterior limb, after division 
of a lateral half of the spinal cord. We are 
therefore, at first, naturally led to suppose that 
in each experiment, the vaso-motor nerve fibres 
being divided, and the blood-vessels paralysed, 
the increased vascularity consequent upon this 
gives rise to the increase of sensibility. An 
exceedingly interesting experiment of Dr. Brown- 
S^quard's proves that in the latter instance, at 
all events, there is another cause for the hyperaes- 
thesia to be sought for. In his paper entitled 
Experimental Researches on various questions 
concerning Sensibility^ read before the Koyal 
Society, in May, 1860, he says that in a rabbit, 
aU the parts of one of whose hind limbs were 
amputated, except the nerves, and in which the 
the toes are, after a time, about losing their 
sensibility, in consequence of aU circulation of 
blood being at an end in the limb, there is 

15 
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nevertheless a rapid and very notable return of 
sensibility on dividing the posterior columns of 
the spinal cord in the dorsal region. It is ob- 
vious that this return of sensibility cannot be 
due to any cause connected with the vessels of 
the partially amputated Kmb ; we must attribute 
it rather to the increased vascularity of the spinal 
cord, which must more or less extensively result 
from the injury done to it. So also it would 
appear that, after division of a lateral half of 
the spinal cord, the increased vascularity which 
unavoidably attends such an experiment may be, 
in some degree, a cause of the hypersesthesia 
ah'eady alluded to in a previous part of this 
article. 
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^ A l!fEW THEOEY OF NEEVOUS ACTION 

AS REGARDS THE TRANSMISSION OF SENSATION ALONG 

THE NERVES. 

A LAEGE number of facts have of late years .been 
observed, tending to show that what has hitherto, 
been regarded as the sense of touch is capable of 
being resolved into a number of comparatively- 
elementary sensations, as those of temperature, 
contact, tickling, pain, etc. 

Many cases have likewise been observed in 
which some of these sensations are felt, while 
others cease to be perceived by the patient. 
Thus the individual may feel perfectly the con- 
tact of the hand, when lightly rubbed over the 
surface, yet not be able to distinguish heat from 
cold, or vice versa. . 

Analogous phenomena are observed with re- 
gard to the other senses, as in cases of colour 
blindness, absence of ear, or inability to hear .par- 
ticular notes, etc. 

In explanation of these and other kin^dred 
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phenomena, it has been supposed that there 
exists in every nerve groups of distinct conduce 
tors, each adapted to convey along it distinct 
nervous impressions. 

This hjrpothesis is indeed that which is at the 
present time adopted by physiologists, and it 
numbers among its supporters the most distin- 
guished philosophers. 

Dr. Brown-S^uard conceives "that he has 
ascertained that, beside the four distinct kinds of 
nerve fibres of the higher senses, there are at 
least eleven kinds of nerve fibres in the spinal 
cord, and in the cranial, spinal, and sympathetic 
nerves." 

He enumerates these eleven kinds as follows : — 

1st. Conductors of impressions of touch. 

2nd. „ „ of tickling. 

3rd. „ „ of pain. 

4th. „ „ of temperature, 

5th. „ „ of muscular con- 

6th. Incito-motor conductors. [traction. 

7th. Incito-nutritive and secretory conductors* 

8th. Voluntary motor conductors. 

9th. Involuntary motor conductors. 
10th. Vaso-motor conductors. 
11th. Nutritive and secretory conductors. 
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" I haxdly need say," he adds, " that the num- 
ber of functionally distinct nerve fibres is probr 
ably much greater than is shown in this table." 

Mr. Herbert Spencer also states his conviction 
that the nerves which conduct thermic impres- 
sions are distinct from those which conduct tactile 
impressions. The following observations may be 
made when taking a hot bath : let the water be 
somewhat above blood heat, from 100*^ to 104** 
Fahrenheit. After remaining in the bath for a 
while, until equally heated all over, stand up and 
rub one portion of the body smartly with a flesh 
brush until it is red, then pause for a few mo- 
ments and lie down again in the water. It will 
then be perceived that to the reddened part the 
water seems much hotter than it does to any 
other part. "This fact," argues Mr. Spencer, 
" yields proof, if there needs any, that the nerves 
which appreciate temperature are not the nerves 
of touch. Violent friction must produce a mo- 
mentary incapacity of the nerves of touch, and 
this incapacity would be shown in a decreased, 
instead of an increased, appreciation of tempera- 
ture were they the agents concerned." 

As will be seen presently, I will venture to 
offer another explanation of this and many kin- 
dred phenomena. 
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• As regards the physiology of sensations of 
tjolour, B, theory ao closely analogous as indeed to 
be identical, with reference to the sense of vision, 
was put forward by Thomas Young, at the com- 
raencement of this century. He supposed three 
fiorts of conductors to exist in the optic nerve, 
each specially charged with the functions of con- 
ducting a different colour — ^red, green, and violet. 
The mixture of these three colours in different 
proportions gave rise to all the other colours of 
the spectrum. 

This hypothesis of Young has, with some 
•modifications as to the colours, found a zealous 
advocate in the distinguished Professor Helm- 
ioltz. 

It is not necessary for my purpose to enu- 
merate all the theories which have been ad- 
vanced in explanation of the various phenomena 
to which I have just alluded. Suffice it to say 
-that I have long felt that the ingenious idea of 
distinct conductors did not exactly meet the case. 
So long ago as in 1861, in a critique on Dr. 
Brown-S^quard's work in which his theory was 
first put forward, I expressed the opinion that we 
could hardly accept the idea "that the nerve 
fibres employed in the transmission of sensitive 
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impressions of touchy tickling ^ paiuy etc., axe as 
distinct one from the other as they all are from 
the nerve-fibres employed in the transmission of 
the orders of the will to the muscles." 

The theory which I venture to propose, and 
which I put forward with diffidence, when I con- 
sider that another has been advocated by such 
able physiologists as Helmholtz, Herbert Spencer, 
and Brown-S^quard, is simply an application of 
the theory of wave propagation to the passage of 
various sensations along nerve conductors. 

I conceive that the various peripheral expan- 
sions of sensitive nerves take up undulations or 
vibrations, and convert them into waves capable 
of being propagated along nervous tissue (neu- 
rility, as it has been well named by Lewes). 
Thus the same nerve tubule may be able to trans- 
mit along it vibrations differing in character, and 
hence giving rise to different sensations ; and 
consequently the same nerve tubule may, in its 
normal condition, transmit the wave which pro- 
duces the idea of simple contact, or that which 
produces the idea of heat ; or, again, the same 
nerve tubules in the optic nerve which propagate 
the undulations of red may also propagate, in 
normal vision, those which excite the idea of 
yellow or blue, and so for the other senses. 
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I advocate this undulatory theory of sensation 
in preference to the theory of distinct conductors: 

Istly. Because it is simple. 

2ndly. Because it is strongly supported by 
analogy, when compared with wave 
propagations in other departments of 
science. 

3rdly. Because it appears to be in harmony 
with a large number of recognized 
physiological facts, which seem inex- 
plicable upon the theory of distinct 
conductors. 

1st. When compared with the theory of dis- 
tinct conductors, the undulatory theory is 
obviously simpler as regards anatomical detail. 
Anatomy has not given any evidence that in 
an ordinaxy compound nerve there exist diflferent 
kinds of conductors — to the highest powers of 
the microscope all such tubules are identical in 
appearance. Nay more ; we now know that 
nerves may be so spliced (if I may use the ex- 
pression) on to one another, that sensitive nerves 
may be made continuous with those which con- 
vey the commands of the will to muscles. 

As regards the analogy between this theory of 
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nerve action and the wave theory of light, I do 
not pretend to say that it holds in every respect : 
there are obvious points of diflference. K we 
infer that light and heat do not consist of par- 
ticles emitted by a hot body, our natural alterna- 
tive is to suppose that they are undulations of 
a medium pervading space. This hypothesis 
furnishes by far the best explanation of many 
very curious phenomena in light and heat, and is 
now generally received. This medium, which we 
suppose to pervade space likewise, with more or 
less freedom, pervades transparent and diather- 
manous bodies ; but nerve tissue being neither 
transparent nor diathermanous, it is not to be 
conceived that the undulations of this medium are 
transmitted along nerve tissue, as if through glass 
or rock salt : on the contrary, the vibrations of 
light and heat are transferred from the medium 
in question to the axis cylinder of the nerve 
tubule, in a form capable of being propagated to 
the sensorium. The waves propagated along 
nerve tubules are probably oscillatory movements 
accompanied by molecular change. Nervous ac- 
tion, so far as conduction is concerned, like mus- 
cular action, is necessarily accompanied by wear 
and tear : decomposition or waste follows it and 



224 A NEW THEORY OP ^ 

entails more or less incapacity for conveying im- 
pressions like those whereby the nerve has been 
exhausted, until a certain amount of repair has 
been accomplished. 

As I conceive, the analogy lies chiefly in this : 
as we know, various solid and liquid bodies 
exercise a selective absorption both for heat and 
light, in virtue of which certain rays are set apart 
to be stopped, while certain others are allowed to 
proceed ; after an analogous fashion, certain 
nerves exercise a so-called selective power, per- 
mitting certain undulations to proceed, while 
those of a different wave length are intercepted. 
Most substances, including those that are trans- 
parent for light, are generally opaque for dark 
heat of great wave length and small refrangibility. 
So we have no reason to think that heat can 
excite in the retina undulations capable of being 
propagated by the optic nerve to the sensorium, 
although light certainly does so. 

Instead of supposing, like Dr. Brown-S^quard, 
that there exist a great number of distinct con- 
ductors, I should suppose that there are a great 
number of distinct sensations propagated along 
the nerve tubules, in molecular oscillations of 
different varieties or various wave lengths. 
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As the rays of the heat, light, and actinic 
spectra diflfer in refrangibility, so do the undu- 
lations produced by heat, cold, pain, tickling, or 
the unfelt sensation (if I may use the phrase), 
wiich l«t corre^nd to the invidble Jd cold 
actinic rays. 

As in the economy of nature the actinic rays 
play a part of vast importance, so these vibrations, 
which play along our nerves, without our know- 
ing it, are all-important in the animal economy. 

The unfelt tickling which keeps the heart in 
regular and ceaseless action during life, is not 
less important to man than that part of the sun- 
beam which we cannot see, nor yet feel the 
warmth of, is in the economy of nature. 

The idea which I wish to convey is illustrated 
by the absorption bands occurring in different 
parts of the visible spectrum, when various mat- 
ters are submitted to examination in the spectro- 
scope. Perhaps, however, the intercepting of 
calorific waves by gases, or by the infinitely 
minute quantity of matter pervading the atmos- 
phere in the form of perfume, forms even a more 
striking illustration. Professor Tyndall's well 
known experiment on this subject is thus carried 
out. The source of waves which he selects for 
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this experiment is a copper plate, against the 
back of which a steady sheet of flame is permitted 
to play. Emerging from the copper, the waves 
first pass through a space devoid of air, and enter 
a hollow glass tube three feet long and three 
inches wide (this, as it were, represents a nerve 
tubule on a large scale). The two ends of this 
cylinder are closed by plates of rock salt, the only 
solid substance ofiering a hardly perceptible ob- 
stacle to the passage of waves of heat. After 
passing through the tube, the radiant heat falls 
on one face of a thermo-electric pile. This fa- 
mous instrument, and not an ordinary thermome- 
ter, is used in these inquiries. It is used in a 
somewhat novel way. The current generated in 
this pile is a consequence of a difference of tem- 
perature between its two opposite faces. If, 
therefore, an exactly equal amount of heat be 
permitted to fall on the face of the pile opposite 
to that receiving the heat which passes through 
the tube, the needle of the galvanometer con- 
nected with the pile will stand at zero. The 
needle, in fact, represents the tongue of a delicate 
balance perfectly adjusted ; while it points to the 
zero marked on the circle, we may suppose the 
weights in each scale to be exactly equal 



NEKVOUS ACTION. 227 

Suppose the glass tube, through which the 
waves of heat pass from the copper plate to be 
exhausted by an air pump. Perfectly equal 
quantities of heat are now permitted to reach the 
opposite faces of the pile, so that the needle 
points to zero. Now let the molecules of any gas 
enter the exhausted tube ; if these molecules pos- 
sess any power of intercepting the heat waves 
coming from the copper, the equilibrium wiU be 
destroyed, the 6pposing face of the pile wiU tri- 
umph, and the needle will leave the zero point. 

From the deflections produced by permitting 
gases, vapours, and perfumes to enter the ex- 
hausted tube, Professor Tyndall has deduced the 
relative amounts of wave motion intercepted by 
their molecules. He thus finds that, the heat 
waves intercepted by atmospheric air being taken 
as imity, the amount absorbed by the following 
gases stand thus in relation to each other : 



Air 


Belative Absorption. 
1 


Oxygen 
Nitrogen . . . 
Carbonic acid 


1 
1 

972 


Sulphurous acid 


... 6,480 



Some vapours allow the waves a comparatively 
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free passage ; in other cases the minutest bubble 
of vapour introduced into the tube causes a de- 
flection of the needle. Assuming the absorption 
effected by air at a pressure of one atmosphere 
to be unity, the following are the absorptions 
effected by certain vapours at a pressure of one- 
sixtieth of an atmosphere : 

Name of Vapour. Absorption. 

Bisulphide of Carbon ... 47 
Amylene ... ... 321 

Acetic Ether ... ... 612 

Reducing dry air to the pressure of the acetic 
ether here employed, and comparing them to- 
gether, the quantity of wave motion intercepted 
by the latter would be many thousand times that 
intercepted by air. 

A sinular effect is produced by perfumes dif- 
toed in the ai.. c4i.g. for eiLTple, a strea. 
of dry air over bibulous paper moistened with 
patchouli, the scent taken up by the current 
absorbs twenty times the quantity of heat inter- 
cepted by the air which carries it. The Mowing 
are some of the results obtained with various 
essential oils; the odour, in each case, being car- 
ried by a current of dry air into the tube already 
employed for gases and vapours* 
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Perfume. 


Absorption. 


Patchouli 


.. 30 


Otto of Eoses ... 


.. 37 


Lavender 


.. 60 


Eoserna.Ty 


.. 74 


Aniseed 


.. 372 
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It would, adds Professor Tyndall, be idle to 
speculate on the quantities of matter concerned 
in these actions. 

It is known that the attenuation of the odorous 
matter of perfumes is almost infinite, how incon- 
ceivably minute therefore is the material change 
in the contents of the tube, which, notwithstand- 
ing, yields such striking results in the wave 
absorption. 

The change within a nerve tubule resulting 
from the use of santonin, etc., or from exhaustion 
and other causes, can readly be conceived to 
intercept certain waves of motion, although the 
material change may be far beyond the reach of 
chemical research, and capable in many instances 
of such speedy repair as to cause some of the 
resulting phenomena to be very transient. A 
nerve which has been for a time in action exerci- 
sing its proper function, becomes in some degree 
incapacitated by undergoing a subtile molecular 
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change ; it becomes, as it were, like the air in the 
tube, when pervaded by the molecules of per- 
fume ; as it re-integrates itself from nutritive ma- 
terials brought by the blood, it recovers its original 
ability to conduct impressions. 

Were we to accept Mr. Herbert Spencer's inter- 
pretation of the experiment, made by rubbing 
a portion of the surface of the body and after- 
wards perceiving what seems to be increased tem- 
perature of the water of the bath, as a crucial test 
of the existence of separate conductors for tactile 
and thermic impressions, we should be forced to 
admit, on similar grounds, an absolutely infinite 
variety of conductors for all sorts of impressions. 
There is no essential difierence between this ex- 
periment and a vast multitude of others. When 
the hot water of the bath touches the surface of 
the body, a compound sensation results — ^partly 
tactile, partly thermic. The part which has been 
rubbed has by action undergone exhaustion and a 
consequent molecular change within its structure, 
which causes the tactile vibrations to be inter- 
cepted, while the thermic vibrations all pass on to 
the sensorium giving the sensation of greater 
heat in the part rubbed. 

When we gaze at a coloured disc for a time, 
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say red or blue, and afterwards by looking upon 
a white surface, see the complimentary colour, 
what happens on the undulatory hypothesis is 
this : those nerve tubules connected with the 
patch of the retina upon which the coloured rays 
fix)m the disc fell, have undergone a slight mole- 
cular change, so that when a white surface is 
looked upon, all the rays are propagated to the 
sensorium save the red or blue; we see white, 
minus the red or blue rays, which are more or less 
completely absorbed in transitu — consequently 
we have the impression of the complimentary col- 
our. In young persons, in whom nutrition is 
active, these effects are very transient. As we get 
older we see the complimentary colour more dis- 
tinctly and for a longer time. A vast number of 
familiar examples of similar phenomena might 
be mentioned. K we smell a musk plant in 
fiill blossom (or any such well-marked odorous 
plant) two or three times — inhaling strongly — 
it seems to cease to have any odour ; but at the 
same moment we can perceive the perfume of a 
rose even more powerfully then usual. After eat- 
ing dates or sweetmeats, we can with diflSculty 
say whether we have any sugar in our cup of tea, 
although the flavour of the tea itself is very dis- 

16 
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tiuct. The peculiar modifications of taste, as the 
taste of water after eatiag artichokes, or of port 
wine afber cheese, etc., are analogous phenomena. 
The remarkable effects also of lead poisoning upon 
sensation, of santonine on the optic nerve, e'c, 
appear to me more readUy expHcable upon the 
undulatory hypothesis than upon that of distinct 
conductors. 

Organs of special sense axe of course endowed 
with distinct conductors for vision, hearing, 
smell. There are cases to show that the forepart 
of the tongue is separately endowed with conduc- 
tors for taste, distinct from those for tactile and 
thermic impressions ;* but this is a very different 
thing from resolving each variety of special sen- 
sation into so many elementary sensations, each 
having a distinct channel for its conduction. 

* See the case of double facial palsy with observations on the 
physiology of the nerves supplying the forepart of the tongue, by 
the author, communicated to the Boyal Medico-Chirurgical 
Society, London, March, 1875. Also of paralysis of the fifth 
pair. By Dr. Althaus, Medical Chirurgical Transactions, vol. 62. 
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LECTURES 

ON 

PHYSIOLOGY APPLIED TO PRACTICE. 

INTRODUCTOEY EEMAEKS. 

At the present moment, when the subject of 
experimentation on animals is a topic of much 
public comment, I feel that it may not be con- 
sidered out of place to oflFer a few introductory- 
observations on the subject, as prefatory to the 
course of Lectures which follow. 

The physiologists of Europe and America are 
a comparatively small band of earnest scientific 
workers. They are, I conceive, men of sufl&cient 
humanity, cultivation, and refinement, to feel very 
deeply all the grave responsibility involved in ex- 
perimentation on Uving animals. It may be 
confidently asserted, that in proportion to their 
numbers, they have achieved as much, if not more 
than any corresponding number of individuals, 
for the benefit of the human race. They have 
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enlightened science with not a few of its most 
brilliant discoveries. Those who have not hesi- 
tated to assail them as being reckless and cruel, 
should remember, that in the ordinary, common- 
sense acceptation of the term, cruelty is not 
synonymous with the infliction of pain. 

The surgeon who has the courage and resolu- 
tion to perform a bloody operation, and so save 
the life or limb of his patient, would be justly 
indignant at being styled cruely because, in order 
to attain his object, it was necessary for him in 
the first instance to inflict much suffering. In 
like manner, the physiologist, who (whether 
rightly or wrongly is beside the question) devout- 
ly believes that the researches in which he is 
engaged are such as will prove beneficial to man- 
kind, may well be indignant when accused of 
cruelty in experimenting on animals, when his 
ultimate object is to relieve human suffering or 
avert death. In every operative procedure, the 
cruelty bears a relation, not only to the object to 
be attained, but to the necessity for the operation; 
this is equally true of surgical as of physiological 
operations. K the life of a feUow-creature can 
only be saved by the loss of a limb, the object to 
be gained is so great, and the necessity so urgent. 
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that all cruelty vanishes from the operation. If 
the expected physiological result be of great value, 
and cannot be attained except by experiment on 
a living animal, vivisection ceases to be cruelty. 
Assuming that man has a right to use for his 
advantage the lower animals, the question of 
the justifiability of experiment on living a.nima.1ft 
resolves itself simply into this — is the result 
sought for sufl&ciently valuable to justify the 
means taken to obtain it? This question has 
been, and probably ever will be, differently 
answered by various individuals, according to the 
point of view from which each regards it. He 
who does not know, possibly even by name, the 
disease diabetes, will naturally fancy that all 
researches concerning the formation of sugar in 
the animal economy are delusions as vain as the 
search for the philosopher's stone. He who, as a 
physician, is conversant with this formidable 
malady, and at once feels his own impotence to 
grapple with it successfully, and is yet filled with 
an earnest desire to do so, will prize very. highly 
^ny physiological discoveries calculated to throw 
light on its obscurities; while he whose lot it has 
been to watch its progress in a near and dear 
relative — to see its rapid wasting, its craving ap- 
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petite, its burning thirst which cannot be slaked 
and renders life unendurable-wiU unhesitatingly 
conclude that true humanity requires that know- 
ledge shall be sought from every source, for the 
cure of this disease. 

Admitting that the value of the result to be 
obtained must be very variously estimated by 
diflferent individuals, it is obvious why, as a gene- 
ral rule, medical men have not hesitated in pro- 
nouncing vivisection justifiable. Being familiar 
with the evils, they can appreciate the efforts- 
very often fruitless, but none the less meritorious 
—of physiologists to throw Ught on the obscure 
phenomena of disease, by experiments on animals. 
That their devotion is not of an idle 6t traosient 
kind, is proved also by the readiness with which 
they often give up themselves to laborious and 
sometimes horribly painful experiments^ It must 
be confessed that in the eyes of the public, or of 
those medically uninstructed, the justification of 
vivisection must be looked for principally in the 
records of the past; and in judging thus of the 
value of the vast benefits which mankind has 
reaped from physiological experimentation, great 
differences of opinion will be found to exist, even 
among medical practitioners of eminence and abil- 
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ity. The fact that the blood-vessels in the ear of 
a rabbit become dilated after the division of a par- 
ticular nerve in the animal's neck, will seem to 
some an unimportant discovery, while others will 
regard it as one fall of meaning, and throwing a 
flood of light on many morbid phenomena. The 
medically uninstructed can never form just opin- 
ions on such subjects. Even among medical men, 
many forget or are ignorant that the principles 
which they daily apply in practice, are based on 
facts primarily obtained by the experimental 
physiologist; just as he who works the telegraph 
forgets or is ignorant that the primary discovery 
of galvanism is due to the frog, and that if num- 
bers of these creatures had not been immolated on 
the altars of science, our telegraphs would not exist. 
A little reflection must, I conceive, convince 
most people that the entire aspect of medical 
and surgical practice has been modified through 
the knowledge derived from experiments on 
animals. I do not speak only of the experi- 
ments by incision, for I fancy that all painful 
experiments must be embraced under the same 
head. Almost aU that is known with precision 
of the processes of inflammation has been thus 
learned. I Tmow that one of the most accom- 
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plished and intelligent surgeons that this country 
has ever produced, refused to accept the discov- 
eries of Sir Charles Bell, concerning the roots of 
the spinal nerves, until Muller and Magendie 
placed them beyond doubt by experiment. Many 
a skilful practitioner now makes an accurate and 
correct diagnosis in heart disease, who is little 
conversant with the history of the experiments 
which have led to the knowledge of the causes of 
the heart-sounds. Many a surgeon dexterously 
applies a ligature on a bleeding vessel, forgetful 
that were it not for experiments on the arteries 
of animals, he might stiU be using the red-hot 
iron to staunch the blood. 

In these later times, perhaps experiments on 
the spinal cord — on the transplantation of peri- 
osteal and other membranes — on the sympathetic 
nerve — on the influence of the nervous system 
over the blood-vessels, are among the physiologi- 
cal researches which are most calculated to alter 
and improve practice. Yet many may ask what 
absolute good has arisen from discoveries of this 
kind ? To this it must be answered — that it is 
not possible to know how much good may, and 
does arise from any newly discovered fact. The 
scientific inquirer must be led on by the sure ajid 
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certain hope that truth and knowledge are good — 
that the most apparently unimportant discovery- 
may not only increase the admiration and awe 
with which we contemplate the wondrous work- 
ings of Nature, but possibly be full of benefit to 
man. When formic acid was prepared from the 
red ant (formica rufa)^ the discoverer little knew 
that eventually chloroform, with all its blessings, 
would be the fruit borne. On the other hand, 
there are many who will say that the good which 
has arisen from physiological experimente on 
ftTiinmla is inuneasiuably great. Among those 
will be found men of the kindliest natures and 
tenderest feelings, who would shrink, with that 
repugnance which is natural to most men, from 
inflicting pain wantonly on any creature, yet 
have not hesitated to have recourse to experi- 
ment, where they conceived it to be their duty 
thus to interrogate nature. In conclusion, I 
would add that he who devotes his life to the 
study of anatomy and physiology must meet with 
much that would cause most men to draw back 
at first with horror and disgust. Because he 
overcomes these natural feelings— because, in 
search of what appears to him of untold value to 
suflfering mankind, he trains himself to toH among 
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the dead; and nerves himself to operate upon the 
living — ^is he to be accused of inhumanity and 
cruelty? 



LECTUEE I. 

ON THE INFLUENCE OF THE NEEVOUS SYSTEM OVER THE 

HEART AND BLOOD VESSELS. 

Gentlemen, 

In commencing the short course of lectures 
which I propose to deliver during the ensuing 
fortnight, I wish to make a few introductory ob- 
servations, which shaQ be os brief as possible. I 
am induced to imdertake the delivery of the 
present course of lectures from two considerations; 
first, because the subjects I propose to treat of, 
and which I have myself for some years studied 
with a good deal of assiduity, appear to me to be 
of great practical value ; and secondly, because I 
conceive that the thoughtful consideration of some 
of the more obstruse physiological problems which 
are still " open questions,'' is about the best men- 
tal training to which the student of medicine can 
submit himself. In the systematic courses of 
lectures delivered here, neither my colleagues nor 
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mj^elf consider that we should be justified in 
bringing prominently under your notice the as 
yet unproven novelties of the day, any more than 
our own crude conceptions. Each finds abundant 
material for his course, in the exposition of those 
views and facts which have received the sanction 
of time, and may now be regarded as established 
truths ; but in dealing with such topics, the 
teacher is very apt to become dogmatic, and to 
encourage in his pupil rather an aptitude for ac- 
cumulating facts, than a habit of observing and 
reasoning upon them. In my present course, I 
cannot be dogmatic ; the difficult nature of the 
subject does not permit a wise person to make 
positive assertion. You shall have an opportunity 
of criticising facts and witnessing phenomena 
upon which various theories are based. You 
shall have an opportunity of drawing your own 
deductions ; for my part, I shall rejoice at your 
criticisms, and be most happy to hear the reason- 
ing of any who may arrive at conclusions differ- 
ing firom those which I have been led to form. 
It is my intention, therefore, to illustrate these 
lectures by experiments performed upon living 
animals (myself among others), and upon animals 
recently killed. I believe, gentlemen, that many 
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of you know me well enough to think that I 
would not willingly cause useless pain to either 
animal or man ; but the surgeon is early taught 
to look beyond the pain of the moment to the 
benefit of the future ; and while I heartily concur 
in the censure of any who may, without sufficient 
reason, have recourse to vivisection, yet I must 
express my conviction, that those humane, and, 
no doubt, very kind-hearted persons, who object 
altogether to this method of scientific investiga- 
tion, take a very limited view of the subject. 
If it was their duty, as it will be yours, to 
witness the convulsive writhings of the epileptic, 
or to sit by while the mother, who will not 
trust it in the hands of a stranger, watches her 
infant as it lies upon her lap, and with a power 
of observation, by experience rendered painfully 
acute, perceives the movements of the lips, the 
twitching of the eye, the pallor and subsequent 
lividity of the face, the restless motion of the 
head, and helpless cry that usher in the general 
convulsion, then, I conceive, such persons would 
admit that true humanity permits, in order to 
make a step towards unravelling the vast en- 
tanglement in which the mysterious phenomena 
of disease are involved, that animals may be 
sacrificed. 
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To say that the records of the past do not show 
any important knowledge to have been added to 
the general stock through this channel, is, as the 
most junior among you well knows, utterly false; 
but even were it true, it would be no reason why 
we should not endeavour, by such experimental 
researches, to solve those abstruse problems, upon 
which the life, health, and happiness of mankind 
so much depend. The surgeon who would need- 
lessly inflict suffering upon his patient, would be 
as unworthy of the noble profession which he fol- 
lows, as the physiologist who would thoughtlessly 
torture an animal would be untrue to his calling; 
but each must have the nerve and the courage to 
be at times " bloody y holdy and resolute.'^ 

I shall now proceed to consider the influence of 
the nerves upon the vascular system — that is to 
say, their immediate influence over the heart and 
blood-vessels, in which, of course, is involved 
their secondary influence on nutrition, secretion, 
animal heat, etc. ; and during this day's lecture I 
shall principally occupy your time with experi- 
mental demonstrations, upon which I shall subse- 
quently comment. 

My first experiment shall be performed upon 
myself, and Dr. Cruise will note the results upon 
the board: — 
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First experiment. — ^The temperature of my left 
hand, as indicated by the thermometer (Fahren- 
heit's) which I grasp in it, is sA present 90°, a 
second thermometer placed in my mouth, stands 
at 99^ I now plimge my right arm into this 
vessel of melting ice, and Dr. Cruise will write 
down the result after five minutes. 



Left hand ... ... 86 

Mouth ... ... 99 

Right hand, or rather ice water 44° 

You see from these figures that the result is 
this — ^the general temperature of the circulating 
fluid, as evidenced by the heat of the mouth, 
undergoes no change ; but the considerable cold- 
ness of the right upper limb is followed by a 
sympathetic loss of warmth in the left, amounting 
in this instance to four degrees. 

But Dr. Brown-S^quard, after repeating this 
experiment several times on himself and others, 
found that there is no regularity in the amount of 
heat lost by the hand which remains out of the 
water ; in one of his experiments, the hand kept 
in the atmosphere lost 22° F. in seven minutes, 
while the temperature of the mouth was not 
diminished more than the fifth of a degree, F. 
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The ordinary loss amounts, after some minutes, 
to from 6° to 8° F. In one case he observed a 
loss of only 2°, and in another there occurred no 
loss at all — on the contrary, an increase of tem- 
perature amountiag to 1°*4 F. 

The general conclusion is, that in these experi- 
ments the temperature of the body does not 
change sensibly, while a sympathetic contraction 
of the blood-vessels in a distant part is usuaUy at- 
tended with a considerable loss oi temperate in 
that paxt. The cooling of my left hand cannot 
have depended upon the arrival in it of colder 
blood, for my mouth remained as before. We 
must infer, therefore, that the cooling depended 
on a less supply of blood, the blood-vessels having 
contracted in sympathy with the other limb. 

In his well known article on animal heat, in 
TodcCs Cyclopcedia of Anatomy and Physiology , 
W. F. Edwards observes concerning this experi- 
ment : — " When one hand was plunged in water 
cooled down by ice, the other,- which was not 
subjected to the action of the cold bath, lost 
nearly five degrees (R.) in temperature. 

" It is therefore apparent," he continues, "first, 
that partial chills, or the exposure of individual 
parts to low temperatures, may be, and are, felt 
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very extensively, even when the cold is not very 
severe. Second, that the chilling of a single part, 
such as the hand or foot, may cause a loss of 
temperature in all the other parts of the body, 
even far beyond what could have been considered 
likely or possible." Edwards did not observe 
that the temperature of the mouth does not vary 
in a degree corresponding with the hand not in 
the bath. Had he known this fact, he would not 
have drawn the second conclusion just stated, nor 
would he, without qualification, have adopted the 
axiom : — " That we cannot either raise or lower the 
temperature of any one part of the body, without 
all the other parts of the frame being affected^ 
and suffering a corresponding rise or fall in 
temperature^ more or lesSy according to circum- 
stances.'^ 

The real significance and true interpretation of 
this experiment,* which was first accurately per- 
formed by Drs. Brown^S^quard and Tholozan, 
will become more obvious when you have wit- 
nessed the very striking results of the remarkable 
experiment I am now about to perform. 



* M. Valpian, in his lAgons tur VappareU Vaso-Moteur, page 
236, states that he has not obtained the same results as MM. 
Tholozan and Brown-S^oard. The experiment does not give 
constant results. 
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Second eocperiment. — I now proceed to divide, 
in this rabbit's neck, the cervical sympathetic 
nerve on the right side. I need hardly say that 
it is an operation of some deUcacy; after dividing 
the integument, which is first sponged well with 
water to keep aside the hair, I draw the parts 
aside, using two pair of forceps ; here, you see, 
is the carotid artery, here the pneumogastric 
nerve, and behind, the small filament of the 
sympathetic for which I seek. I now divide it ; 
and almost at once you perceive what marked 
effects follow. 

The pupil is decidedly more constricted on the 
side of the injury, the conjunctiva more vascular, 
the right ear is unmistakably warmer than the 
left; this you can all perceive, for even to the 
hand it is too obvious to be a matter of any 
doubt. Place the two ears between you and the 
light, and you see how surprisingly the vascularity 
of the right exceeds that of the lefb, how large 
and full the vessels are, and how you can feel the 
pulse in the right, but cannot discover its beatings 
at all in the left ear. In this other white rabbit, 
on which I some days ago made this division of 
the sympathetic, you see how distinct are the 
same effects, and you perceive also, that the se- 

17 
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cretion of the lachrymal gland is so increased, that 
it has wet the cheek. 

We find, in short, that division of the sympa- 
thetic nerve in the neck produces paralysis of the 
coats of the blood-vessels of the corresponding 
half of the head ; that the dilated vessels conse- 
quently permit a great afflux of blood ; that great 
vascularity, increase of heat, augmentation of 
secretion, and, in brief, very vigorous nutrition of 
the parts, are the general result. 

We owe to the illustrious Claude Bernard the 
discovery of the principal results due to division 
of the cervical portion of the sympathetic : assu- 
redly the discovery is one in which experimental 
physiology has reason to triumph, for it must be 
regarded as one of the most valuable disclosures 
of modem science. It cements together the vast 
number of isolated facts, whicli, since the days of 
Prochaska and Robert Whytt, have been accumu- 
lating upon the hands of physiologists, but which, 
in the length and breadth of their importance, 
even Marshall Hall himself did not appreciate. 

But let us turn to the other half of this experi- 
ment ; let me remind you that Dr. Brown-S^quard 
in America, Professor Claude Bernard in Paris, 
and Dr. Augustus Waller in England, almost 
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simultaneously observed that galvanization of the 
divided sympathetic is followed by a reversal of 
all the phenomena which have been already 
noticed to follow its division — the vessels contract, 
heat diminishes, secretion is checked. 

"The phenomena/' says Dr. Brown-Sequard, 
" observed after the section or galvanization of 
this nerve, with the exception of a few, may 
be summed up under the three following heads : — 

Section of the Nerve. 

1. — Dilatation of blood-vessels. 

2. — ^Afflux of blood. 

3. — Increase of vital properties. 

Galvanization of the Nerve. 

1. — Contraction of blood-vessels. 
2. — Diminution of blood. 
3._Decrease of vital properties. 

" The view that the section of the cervical sym- 
pathetic is followed by a paralysis of the blood- 
vessels, in consequence of which more blood 
passes through these vessels in a given time, 
producing the increase of vital properties of the 
contractile and nervous tissues — this view is now 
admitted by almost all physiologists. It is based 

IT 
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on a great many various experiments made by 
Dr. Augustus Waller, Bonders and several of his 
pupils, Kussmaul and Tenner, Moritz SchiflF, and 
myself, showing that all circumstances, whatever 
they may be, which cause an increase in the 
quantity of blood passing in the blood-vessels of 
the head in a given time, produce there almost, 
if not all, the phenomena following the section of 
the cerNdcal sympathetic." 

Let me now direct your attention to another 
experiment, viz., that which shows how the action 
of the heart is controlled and even arrested by 
passing along the pneumogastric nerves induced 
galvanic currents. Claude Bernard had already 
ascertained that the sounds of the heart were not 
to be heard in a dog during galvanization of the 
vagi by induced currents, but it is to the brothers 
Ernest and Henri Weber* that the merit is due of 
having first clearly enunciated the fact that the 
action of the heart is arrested under these circum- 
stances. It is one of the fundamental experi- 
ments connected with the subject of wHch I now 
treat, and I earnestly beg your closest attention 
to the precise circumstances under which it is 
performed. I shall ask Dr. Cruise to undertake 

* Handworterhuch der Physiologie^ Art. Muskelbewegung, 1846. 
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for me the duty of maintaining artificial respira- 
tion, and Dr. Bennett will afterwards be good 
enough to count the beatings of the heart ; but 
you shall all quite plainly witness the result. 

Third experiment. — The animal (a large and 
vigorous rabbit) is first killed by poisoning with 
prussic acid. I now fasten in the trachea a portion 
of a catheter having a vulcanized India-rubber 
tube attached, through which artificial respiration 
will be kept up. Next, I carefuUy raise both 
pneumogastric nerves upon this little rod of glass ; 
but as yet I do not divide them. Now, upon 
opening the thorax, the heart is seen pulsating 
very vigorously, but you will immediately see that 
it acts even more rapidly when I divide the two 
pneumogastrics, as I now do at one cut of the scis- 
sors. In fact, it now goes too rapidly to be coimt- 
ed. I next tie a ligature of sUk on that extrem- 
ity of each pneumogastric which is in connexion 
with the heart, and by this contrivance of having 
a little weight at the other end of the silk thread, 
which I hang upon this stand, I gently raise up 
from the other parts of the neck, about half an 
inch of each nerve. Everything is now ready for 
me to apply to the nerves the wires from my 
induction coil. You see, before I pass the shocks, 
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the pulsations are still too rapid to be reckoned — 
they can hardly be less than 200 per minute. I 
now bring the wires in contact with the nerves — 
the heart at once almost ceases to beat — its pul- 
sations are reduced to eighteen per minute. 
When I break contact, you perceive it quickly 
recovers, and pulsates as rapidly as ever. I again 
make contact, giving the strongest shocks which 
this rather feeble induction coil can give with the 
one small cell of a Daniers battery. You see it 
is not quite, but almost quite stopped, and 
between the contractions, which now take place 
irregularly, the heart Ues perfectly flaccid, and 
becomes distended with blood. I cannot, in this 
instance, succeed in completely stopping the 
heart ; my induction coil is not strong enough. 
Some of you have already seen me succeed in 
doing this, and at all events the eflfects, as you 
now witness them, are sufficiently striking. At 
this moment, again, you see the heart is pulsating 
as fast as ever. 

You now perceive that galvanization of the 
pneumogastric nerves produces upon the muscular 
structure of the heart an effect totally different 
from that produced upon an ordinary muscle, by 
galvanizing its motor nerve. When I place the 
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wires in contact with the nerves of the hind limbs, 
you observe the muscles are violently tetanized, 
and a peculiar thrill is communicated to the hand, 
the result of the rapid contractions produced by 
the quick succession of shocks. You also see that 
when I pass the currents in different directions 
through the animal's body, no controlling in- 
fluence is exercised over the rapid action of the 
heart, as when I bring the wires in contact with 
the pneumogaatric nerves. 

Our experiments to-day, have occupied so much 
time that I shall defer imtil my next lecture an 
account of some further experiments, the nature 
of which prevents me from being able to exhibit 
them to so large a class. I shall now conclude 
by stating the explanation given of the last exper- 
iment by Dr. Brown-S^quard. The stopping of 
the heart, he says, depends upon the absence of 
excitation. The cause exciting the heart to beat, 
he supposes to be the blood contained in the mi- 
nute blood-vessels of this organ; and he conceives 
that galvanization of the par vagum produces a 
complete constriction of the capillary vessels of 
the heart; the excitation, then, cannot take place 
on account of the expulsion of the blood from the 
capillaries. 
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Violent mechanical excitation of the medulla 
oblongata produces a sinular stopping of the 
heart's action. When a violent and sudden emo- 
tion causes death, it is, he supposes, by acting on 
the medulla oblongata that it has such a powerful 
effect ; as an excitation is thus produced on the 
par vagum, which appears to have its true origin 
in the neighbourhood of the nib of the calamiLS 
scriptorius, and in consequence the blood-vessels 
of the heart contract, and expel the blood they 
contained, and with it, the natural excitement 
which causes the movements of the heart, so 
that a complete syncope and death take place. 
Whether this ingenious theory satisfies you, I know 
not ; to my mind it does not meet all the exigen- 
cies of the case, for why, then, should the heart 
continue for a time to pulsate rhythmically, 
when entirely removed from the body, and when 
all circulation through its vessels must have 
ceased? Moreover, we may ask what causes it 
to commence pulsating again when once stopped ; 
what propels again the stimulating fluid through 
its own capillaries before its own action is 
evoked ? But in the next lecture we shall con- 
sider the theoretic views of others, as well as the 
practical bearings of the influence of the nerves 
on the vascular system. 



[ 255 ] 



LECTURE 11. 

REFLEX PHENOMENA OF DISEASE, EXPLAINED THKOUGH THE 
INFLUENCE OF THE NERVES OVER THE BLOOD-VESSELS. 

Gentlemen, 

We shall to-day proceed to consider what may 
be the true interpretation of the three primary 
experiments which occupied so much of our time 
during the last day's lecture ; and subsequently I 
shall strive to point out to you their practical 
bearing upon various morbid conditions. Let 
me first briefly recapitulate the more striking 
results of these experiments. 

1st. When my right hand was plunged into 
the vessel of water and ice, the opposite hand 
lost four degrees of heat, while the thermometer 
in my mouth showed that there was no general 
loss of temperature. 

2nd. I believe there is no one present who waa 
not satisfied as to the increased vascularity, the 
greater warmth, and the constriction of the pupil, 
resulting from division of the cervical sympa- 
thetic in the rabbit, and which occurs in the ear 
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and side of the head corresponding with the 
section, 

3rd. You all saw how remarkable was the 
controlling influence exercised over the pulsations 
of the heart by galvaoiizing the pneumogastric 
nerves. 

Each of these experiments is iUustrative of the 
influence of the nervous system over the vascular. 
They have fonned the bases of physiological 
theories very widely differing from each other, 
and have been the starting-points for other, per- 
haps less striking, but not less valuable experi- 
ments, bearing upon the same subject. 

The musculax tunic of the vessels which ramify 
through the body places them imder the control 
of the nervous system as completely as that of the 
heart itself. As the muscular structure of the 
heart, so the muscular structure of the vessels is 
subject to emotional and reflex influences. It is 
not only the blood-vessels of the cheeks which 
blush : the greater development of the muscular 
tunic in the vessels of glands and of the brain, 
shows that in those situations the arrangements 
for controlling the blood-supply are even more 
complete than elsewhere. It is true that it has 
long been known that intimate relations exist be- 
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tween organs more or less remote from each other. 
The term sympathy has long been in use, and 
equally applied to the healthy functional activity 
as to the pathological disturbances of organs 
distinct from each other. In the eyes of the 
practitioner the morbid sympathies (or reflex 
disturbances), such as occur in teething children, 
or later in life from irritation of the gastro-intes- 
tinal or genito-urinary systems, etc., have natu- 
rally eclipsed in interest the normal physiological 
sympathies, such as that between the uterus and 
mammary gland, the mucous membrane of the 
tongue, and the salivary glands, etc. But be it 
remembered that they are closely kindred pheno- 
mena, similar in mechanism, and in fact often 
passing into each other so graduaUy that it is 
impossible to say when the normal terminates 
and tie morbid begi.^ 

Histology and physiology have of late years 
curtailed the power of the so-styled " great sym- 
pathetic." While the latter makes it subservient to 
the cerebro-spinal system of which it is a depend- 
ant, histology has extended its domains. Peripheral 
ganglionic expansions have been demonstrated 
where they were previously unknown ; and yet 
the entire ganglionic system seems to have a pre- 
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siding influence exercised over it by the cere- 
bro-spinal centres — at times being stimulated to 
increased activity, at times checked or controlled 
by what has been called inhibitory action. 

The effect of galvanizing the pneumogastric 
nerves, and thereby checking or entirely stopping 
the rhythmical action of the heart, finds a coimter- 
part deserving of attention in Pfliiger's experi- 
Lt, in Zh the perisWtio actio^ of Jin- 
testme is controUed by strongly galvanizing the 
splanchnic nerves. In operating upon the large 
e^ble frog of the conti^nt, the Le physio- 
logist has succeeded in applying the galvaxuc 
stimulus to the anterior roots of the sciatic nerve 
within the spinal canal, and thereby causing 
complete constriction of the arteries of the webs. 
Division, on the other hand, of the same roots 
was followed by full dilatation of the vessels. 

It can be shown by the aid of a haemodyna- 
mometer placed in communication with the caro- 
tid, that a considerable part of the blood-vessels 
of the body become contracted under certain 
circumstances. Thus this instrument indicates 
a notable increase of blood pressure, when in a 
dog, whose sciatic nerve has been cut across, the 
central end of the nerve has been excited. This 
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eflfect can only be explained by a contraction of 
the small vessels, for the result is the same 
whether the pneumogastrics have been pre- 
viously cut or not. 

A considerable irritation of the skin gives rise 
to a like result. 

PracticaUy speaking, one of the most important 
direct demonstrations of the contraction of blood- 
vessels, in obedience to reflex stimulation, is that 
shown by Brown-S^quard, wherein the vessels 
of the spinal marrow contract under the influence 
of irritation of the nerves of the solar plexus. 

But of the disclosures of physiology on this 
subject, perhaps the most remarkable is that 
brought to light by the observations of Claude 
Bernard, on the action of the nerves on the 
vessels of the sub-maxiUary gland of a dog. This 
gland is supplied with nerves from two sources. 
One is a branch of the lingual, the second is 
derived from the great sympathetic, the filaments 
of which accompany the artery. These nerves 
can be ea^Hy distinguished, and when acted upon 
separately, are attended with very dissimilar re- 
suits. When the filaments of the sympathetic 
are divided, the twig from the lingual remaining 
untouched, the blood-vessels immediately dilate 
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very much. So free and rapid is the circulation 
of the blood through the dilated vessels of the 
gland, that the blood in its passage through 
them is not changed into venous blood, but comes 
from the veins of a bright arterial red, and even 
springs 'from an opening in the vein in jets as if 
from an artery. When, on the contrary, the 
twig of the lingual is severed, the filaments of the 
sympathetic remaining uninjured, the shrunken 
aspect of the gland indicates the contracted state 
of its vessels, and the retarded circulation causes 
the blood in the veins to be of a dark venous hue. 
Corresponding but reversed effects may be pro- 
duced by galvanizing the divided nerves— that is 
to say, galvanization of the sympathetic is fol- 
lowed by contraction, that of the lingual by dila- 
tation of the vessels. 

It must be confessed that as yet no satisfac- 
tory explanation has been offered of these pheno- 
mena of contraction and dilatation of blood- 
vessels. The view of Professor Bernard, that 
there are two distinct classes of vaso-motor 
nerves — one presiding over contraction, the other 
over dilatation — and that dilatation as well as 
contraction is an active process, cannot, I con- 
ceive, in the present state of science, be admitted. 
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For my p^^rt, I cannot comprehend the possibility 
of active dilatation of a hollow tube, as, for in- 
stance, a portion of intestine ; and that the dis- 
tinguished physiologist in question feels the 
difl&culty of maintaining the position which he 
has taken up, is obvious from his own words. 
" For," he says, " according to all received no- 
tions up to the present time, contraction is the 
active or tonic state of all tissues ; but to consider 
the opposite condition a^ anything but a passive 
effect, will probably appear a paradox at first to 
most physiologists ; nor are we prepared at pre- 
sent to explain the maimer in which this active 
enlargement of the yessek is effected." 

The theory of Pfluger on this subject is, to say 
the least, exceedingly ingenious. He fancies that 
as there is one set of nerves through wHch mus- 
cular tissue is excited to action, so there is a 
second set which exercises a control over this 
action, and checks it (the "hemmimgs nerven 
system," or inhibitory system of nerves) ; that, in 
short, one set is like the whip, the other like the 
rein of the rider ; that, as for instance in our ex- 
periment upon the heart, while one kind of 
nervous influence lashes it into action, the galva- 
nizing of the pneumogastric curbs and stops its 
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vigorous pulsations. To assign to the nerves 
functions so distinct as those of the bridle and 
the lash, appears to me a very startling innova- 
tion in physiology ; and although I believe it 
has been very generally accepted, yet I cannot 
but think that we shall yet find a simpler expla- 
nation for the phenomenon in question. Although 
I am myself unable to get the better of my old 
prejudices, which make me regard muscular con- 
traction as an active process, resulting from the 
stimulation conveyed to the muscular fibre 
through the nerves, yet I freely confess that the 
notions of Dr. C. B. Radcliffe, with regard to 
muscular action, have been shown to be in har- 
mony with many known facts. 

According to his view, it appears that there is 
a state of polarity in living muscle during re- 
laxation which produces relaxation, and that con- 
traction is nothing more than the necessary result 
of the muscle being Uberated from this state, and 
left to the operation of the attractive force which 
is inherent in the physical constitution of the 
muscular molecules. In speaking of the action of 
the lingual nerve in Bernard's experiment upon 
the sub-maxillary gland. Dr. Radclifie supposes 
that the twig of the lingual acts upon the coats 
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of the vessels through the instrumentality of the 
sympathetic. " In accepting this view," he says, 
" it is not necessary to seek for any new principle 
of interpretation to explain the result ; for this is 
already done, if it be supposed that the treatment 
to which the twig of the lingual is subjected pro- 
duces some movement in the nerve-current of the 
nerves — ^that this movement of the nerve current 
necessitates the development of induced currents 
among the filaments of the sympathetic which lie 
in the neighbourhood of the lingual — and that 
these induced currents suspend the polar action 
of these filaments, by causing, as it were, a state 
of concussion, a change which will leave the 
vessel in a relaxed state ; for, absolved from the 
control of the nerves, the muscular elements of 
the vascular coats will be kept in a relaxed state 
by their own muscular currents. It would seem, 
indeed, as if the twig of the lingual suspended 
contraction, and produced dilatation of the vessel, 
in the same way as that in which the vagus has 
been seen to banish the state of systolic contrac- 
tion, and leave the heart in the state of diastolic 
dilatation, or in which, in Pfltiger's experiment, 
the spinal cord or grand sympathetic may banish 
contraction, and leave the intestine in the state of 
dilatation/' i8 
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No doubt, the increased afflux of blood to a 
part, which results from paralysis of the sympa- 
thetic (as you have seen in the rabbit's ear), 
is followed by a more active nutrition of that 
part; but I cannot agree with Dr. Brown- 
S^quard, that this active nutrition " produces an 
increase in the normal stiction power of the capil- 
laries," and is " a cause of attraction of arterial 
blood/' The term "attraction " appears to me to be 
here inadmissible; the increased chemical changes 
of secretion and nutrition are at first the efiect, 
and afterwards the cause of a greater accumula- 
tion of blood in the part ; but this augmentation 
of the amount of blood, depending as it does 
mainly on the paralysis of the vessels, is of too 
passive a character to be attributed to attraction 
in the ordinary sense of this term, while suction 
power almost implies the active dilatation to 
which I have already objected. I am not aware 
that any one single instance of an organic attrac- 
tion between minute parts has been actually 
observed. MiiUer, in his investigations, failed 
to perceive any ; yet it is certain that the tissues 
and the glands have 'the power of drawing from 
the blood the material for their nutriment and 
for their secretions. But it must be remembered 
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that this sort of attraction, if it be so named, is 
something quite diflferent from what Prochaska 
speaks of, when writing of the action of the 
nerves on the vessels. The conjecture of this 
eminent physiologist was, that the " vis nervosa, 
increased by a stimulus, renders the force of 
attraction of the fluids circulating through the 
vessels greater ; so that by this means the fluids 
are attracted from every side to the centre of 
stimulation — as occurs, for example, when seal- 
ing wax is gently rubbed on a piece of cloth, and 
made electrical, and attracts sand and various 
particles." Perhaps it would be wise for me not 
to object to a term which has been so generally 
used by the most thoughtful physiologists, yet I 
must say that in the present state of knowledge, 
the phrase, attraction of blood by the tissues, 
gives a wrong impression of that vital aflSnity of 
which we have evidence in the mutual but unex- 
plained relation existing between the blood and 
its vessels, and their surrounding tissues. 

However divergent and various may be the 

theoretic views arising from the facts which I 
have detailed, and the experiments which you 

have witnessed, no one can doubt that recent 

researches on the vaso-motor nerve-trunks, as 
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regulating contraction and dilatation of blood- 
vessels, have thrown a flood of light upon many- 
obscure questions regarding pathology and dis- 
ease. Not only have we an explanation of the 
well-ascertained " ubi stimulus, ibi jiuxus " 
through the vaso-motor nerves, but we find, 
through the same channel, a physical explanation 
of sympathetic and reflex actions affecting remote 
paxt8 of the body. Nervous influences, simUar to 
those which, acting transiently, 

" call to the cheek 

The hot blush of shame or the coldness of fear," 

acting continuously for a longer period, must give 
nse to hypertrophy or atrophy, according as the 
vessels are persistently dilated or contracted. 
You saw how the cold acting on my right hand 
was followed by a reflex contraction of the blood- 
vessels of my left, and consequent loss of heat in 
it. The converse is illustrated by the enlarging 
uterus of pregnancy, causing the sympathetic 
turgescence, and, so to speak, hypertrophy of the 
mammary gland. 

But the truth is, that in adducing instances of 
reflex sympathies existing between remote parts, 
one is hampered by an " embarras de richessej\ 
We see examples on every side ; nor is there any 
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novelty in the matter, for long ago Robert Whytt, 
Prochaska, and others (who, it must be admitted, 
were men much in advance of their time as phy- 
siologists), showed by their writings that they 
had a very comprehensive knowledge of this 
vastly important subject, and their views received 
an amazing development by the labours of Mayo, 
Marshall Hall, etc. It is in the physical explan- 
ation of many reflex phenomena through the 
action of the vaso-motor nerves, that there lies 
the real merit of the investigations of modem 
physiologists. It is in the fact that the presiding 
influence of this portion of the nervous system 
over the vessels may give rise, by reflex action, 
to inflammation and to those changes in nutrition 
(sometimes augmenting, sometimes diminishing 
it) which are so closely akin to the inflammatory 
process. 

In the practical appUcation of the study of 
reflex phenomena to the investigation of disease, 
there has assuredly been no physician who has 
done more than our own illustrious Graves. One 
cannot now read the lectures of this accomplished 
teacher without fancying with what delight, were 
he still among us, he would watch the progress 
of modem science day by day iUuminating the 
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doctrines which his genius led him to adopt, 
while they were as yet Veiled in comparative 
obscurity. I would strongly urge, gentlemen, 
that while the experiments which you have 
witnessed, and the researches of which I have 
spoken are still fresh in your minds, you should 
peruse and reflect upon those lectures in Dr. 
Graves' Clinical Medicine, in which he treats 
of diseases of the nervous system. I need not 
occupy your time by reading extracts from a work 
which no doubt is, or at least ought to be, in the 
hands of all of you. Yet I cannot refrain from 
one or two short quotations : " A young gentle- 
man, distinguished for the extent of his classical 
and mathematical acquirements, and who had 
just succeeded in obtaining the senior moderator- 
ship, swallowed a small but angular piece of 
chicken bone. It lodged low down in the oeso- 
phagus, and was not pushed, by means of a 
probang, into the stomach until after the lapse of 
more than an hour. Considerable inflammation 
of the pharynx, oesophagus, and surrounding tis- 
sues was the consequence. On the third day of 
his illness, he got a violent, long-continued, and 
ague-like rigor, which terminated in a profuse 
perspiration, and ushered in a welJl-n^axlfQd in- 
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flammation of the neck of the bladder." • . • 
Again he says : — " You all know that if a man 
gets a blow or cut on the forehead, which wounds 
or divides the frontal nerve, not only the parts 
which that nerve supplies become paralytic, but 
that also the diseased impression thus produced 
spreads towards the centre, aflfects those nerves 
which anastomose with the frontal, and by means 
of the communication formed between the nerves 
of the eyeball through the lenticular ganglion, 
deranges the functions of the optic nerve, and 
causes amaurosis." 

I have myself met with the following case : — 
Richard White, a healthy looking, intelligent 
boy, between seven and eight years of age, was 
brought by his mother to Jervis-street Hospital, 
on Wednesday, 1 9th August. She gave the fol- 
lowing account of his case. On the previous Sun- 
day morning, when dressing himself to go out, 
while putting on one of his boots, his seat upset, 
and he fell, cutting his forehead against the comer 
of a fender. The cut was brought together with 
adhesive plaster. Until Tuesday the boy made no 
complaint, he then told his mother that the 
wound pained him, and he complained that he 
could not see rightly with the eye on the same 
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side. This naturally alarmed her, and on Wed^- 
B^y momi.^ she brought him to hospW. 
: The wound was exactly one inch above the 
right eyebrow, and a little external to the mid- 
point above the brow; it was half an inch in 
length, and transverse ; it was so deep that the 
bone was bare at the bottom of it. The pupil of 
the right eye was of the same size as the other, 
but sluggish in its motions. The boy was blind 
of the right eye ; he could not see the large letters 
heading a newspaper ; he could distinguish the 
window of the room, but could not perceive the 
divisions between the panes. 

On removing the plaster, some pus escaped ; 
the wound was gently cleansed, and a bread-and- 
water poultice applied. 

Next day the vision had somewhat improved, 
and on the eighth day from the accident was 
quite restored — the wound granulating healthily. 

The true account of this probably is, that a 
reflex irritation produces, through the vaso-motor 
nerves, a constriction of the vessels of the retina ; 
and the consequence of this diminished supply of 
blood is that the functions of the retina are 
interfered with, and amaurosis results. A gentle 
pressure maintained for a few minutes on the 
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side of the eyeball, as any of you may soon satisfy 
yourselves, produces such a disturbance of the 
flow of blood to the retina, that the power of 
vision is lost, but returns at once on removing 
the pressure. I at one time thought that the 
pressure on the eyeball prevented the afflux of 
arterial blood, and thus paralyzed the retina ; 
but it is not so. I have submitted my own eye 
to examination with the ophthahnoscope under 
these circumstances, and have examined in return 
the eye of a scientific friend who was willing to 
submit to the experiment. We were both satis- 
fied that the pressure produced great venous con- 
gestion of the retina, and that the circulation was 
retarded by obstruction on the venous side — the 
eyeball being pressed backwards upon the oph- 
thalmic vein. 

The so-called vicarious fluxes which take the 
place of the menstrual discharge, must be the 
result of a vascular turgescence produced in a 
remote part by a reflex irritation starting from 
the uterine system. Urticaria, connected with 
uterine disturbance, is by no means uncommon. 
I have known a lady for a considerable time pre- 
vented from going into society on account of the 
sudden appearance of blotches of urticaria, con- 
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nected with dysmenorrhoea. Since the uterine 
functions have been set right, the urticaria has 
ceased to appear. 

A young woman, a nurse in one of our large 
hospitals, was for some years under my observa- 
tion. She suffered at times most severely from 
attacks of spasmodic asthma. These attacks in- 
variably took place at the menstrual period ; and 
if cold or any such cause produced a derange- 
ment of the uterine functions, an attack never 
failed to supervene at that time. I know a gen- 
tleman, a medical man, who suffers from neu- 
ralgia of the face. When labouring under an 
attack, the side affected becomes swelled, and, as 
the old writers say, " the diseased part sweats." 
Sir B. Brodie mentions a case of inflammation of 
the testicle, due to the irritation of the ureter by 
a calculus. I received from a patient, the day 
before yesterday, a small calculus, which the 
previous night had been discharged from the 
urethra. This individual had had pains in the 
testicles, and an enlargement of one of them. 
This took place at a time when his symptoms 
induced me to believe that the small stone in 
question was in its passage from the kidney 
to the bladder. Sir J. Paget, in his admir- 
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able Lectures on InjUmvrnaiiony says that it is 
through nervous action that the urethra excites 
inflammation of the testicle. The metastasis of 
" miimps " from the parotid to the testis, is better 
explained by the same notion, than by any 
humoral theory. Changes in nutrition, brought 
about by reflex action, cannot, then, but be re- 
garded as among the most frequent causes of 
disease. "An irritation starts," says Brown- 
S^uard, " from an excitable part of a nerve ; it 
reaches the nervous centres, and thence being 
reflected to a more or less distant part of the 
body, it produces either a contraction of a blood- 
vessel, or, through this, effects a diminution of 
nutrition; or it acts directly upon the tissues, and 
produces an alteration of the interchanges be- 
tween them and the blood." How important is 
it then for the discriminating practitioner dili- 
gently to make search for the starting-point of 
the irritation. How gratifying for him to bring 
about a prompt cure, as in Dr. Hutton's well- 
known case of reflex paraplegia, mentioned in 
Graves' Clinical Medicine : — " A very remark- 
able amendment took place in his back and lower 
extremities in a very few days after the first in- 
troduction of the catheter ; in foot it was cdmost 
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mdden. Waxm baths, friction to his limbs, etc., 

completed his cure. He was discharged on the 

25th February, at which time the power of his 

lower limbs was perfectly restored, and the' 

tymptoms affecting the urinary system Had dis- 

appeared." 

I have elsewhere drawn your attention to the 

reflex influence of extensive bums. The observa- 

tions of Mr. Long, of Liverpool, of Mr. Curling, 

in his paper in the Medico-Chirurgical Trans-- 

actions, on the influence of bums on the bowels, 

and especially of Mr. Erichsen, leave no doubt 

upon that subject. The last-named author gives 

the foUowing results as succeeding extensive 

bums : — 

Cases. 
Affections of the cerebral organs in 33 out of 37 

„ of the thoracic viscera „ 30 „ 40 

„ of the abdominal viscera,, 31 „ 42 

A modification of nutrition, consequent on ex- 
tensive bum, yet producing very happy results, 
is mentioned by Dr. Stokes. *^ A lady," says 
this able physician, " T^ho had laboured under 
ovarian disease, with severe symptoms of chronic 
inflammation of the mucous membrane of the 
intestines, as evinced by diarrhoea, bloody stools, 



APPLIED TO PRACTICE. 275 

tenderness of the abdomen, and emaciation, was 
(severely burned, in consequence of her clothes 
taking fire. The neck, arms, and throat were the 
seats of the injury. On recovering from this 
accident, the greatest improvement became mani- 
fest in her general health. The bowels became 
regular, nutrition went on, the ovarian enlarge- 
ment subsided greatly, and the patient has since 
enjoyed a state of good health, which could never 
have been anticipated." 

The modifications of nutrition brought about 
by reflex influences acting on the vessels through 
the vaso-motor nerves, give, at least in many 
cases, a satisfactory explanation of the modv^ 
operandi of counter-irritants, and the so-called 
" exterior derivatives," the therapeutic application 
of which has been so long known, and so univer- 
sally acknowledged as of the greatest value. 

But of all the organs in the body, the eye is 
that which gives the most palpable and the most 
unequivocal evidence of the influence of this kind 
of reflex action ; and, I may add, with reference 
to this important organ, that a just appreciation 
of this peculiar sympathetic influence has given 
rise to what I cannot help considering as one of 
the greatest improvements of which modem 
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surgery can boast. When one eye is lost by an 
injury, such as laceration of the cornea by a por- 
tion of stone, glass, a piece of a cap off a gun, or 
some such foreign body, which becomes lodged in 
the deeper parts of the eye, the chronic inflamma- 
tion which is set up as the consequence of the 
accident, sooner or later, by reflex sympathy, 
produces an inflammation of the other eye, and it 
is serioudy jeopardised or lost, unless saved by a 
timely extirpation of that from which the irrita- 
tion primarily springs. I have asked a distin- 
guished surgeon, whose experience upon this 
subject has been very great, whether in such 
cases it would not be sufficient to remove part of 
the injured eyeball : he answered, no — when an 
eyeball has been for some time in a state of in- 
flammation, the other eye will be endangered if 
any part be left to keep up the sympathetic irri- 
tation. 

In children, how many and various are the 
symptoms arising from the irritation of dentition 
— from the irritabihty of the urinary system, so 
common that it may be almost considered as the 
normal condition of teething infants, to the con- 
vulsion which, if it spares the life, may leave a 
brain the nutrition of which has been so much 
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disturbed, that imbecility or idiocy are too fre- 
quently the melancholy result? What endless 
forms of disease are due to the reflected results of 
gastro-intestinal irritation, worms, etc.? 



LECTUEE III. 

ON THE FUNCTIONS OF THE SPINAL CORD AND MEDULLA 

OBLONGATA 

Gentlemen, 

In this and the foUowing lecture, it is my in- 
tention to enter upon a critical analysis of the 
recent investigations of physiologists concerning 
the functions of the spinal cord and medulla ob- 
longata. I shaU to-day direct your attention 
especially to the discoveries of Brown-S^quard, 
and to his views concerning the transmission of 
sensitive impressions, and of the commands of the 
will to the muscles through the medulla spinalis 
and oblongata. Since the year 1838, this physio- 
logist has devoted aU the time he could to the 
study of many important questions connected 
with the functions of the nervous centres ; and his 
labors, as I believe, have been crowned with the 
most signal success ; nevertheless, gentlemen, the 



2f8 LECTURES ON PHYSIOLOGY 

amazing intricacies and difl&culties which surround 
the subject, make it necessary that we should ex- 
amine with the greatest possible care the facts and 
experiments upon which his theories are based, 
I shall hope to show you before the end of this 
lecture, not only some of the fundamental ex- 
periments from which the deductions of Brown- 
S^quard are drawn, but also that his researches 
have been tested by myself and others, by a most 
rigidly exact process. I shaU exhibit to you the 

operated in this theatre about two years ago. Some 
of those present witnessed the experiments to 
which I allude, and had an opportunity of ob- 
serving the symptoms which I noted at the time, 
and afterwards connected with the precise lesion 
of the cord, when this organ had been rendered 
hard by immersion in spirit. 

Let me remind you that, until quite recently, 
since the researches of Brown-S^quard, Lockhart 
Clarke, and others, have changed our views, 
there were two rival theories regarding the func- 
tions of the spinal marrow : one, that of Sir 
Charles Bell, as modified by Longet ; the other, 
that of Van Deen, adopted with some modifica- 
tion by Valentine, Stilling, and others. Accord* 
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ing to the theory of Bell and Longet, the 
posterior columns were centripetal conductors, 
convepng on to the brain the sensitive impres- 
sions brought in by the corresponding posterior 
nerve-roots ; the anterior and lateral columns 
were centrifugal conductors, convejdng from the 
brain to the anterior or motor nerve-roots the 
commands of the will thus to be transmitted to 
the muscles ; while the grey matter of the cord 
was supposed to be solely the dynamical or force- 

4 

generating portion, taking no part in the con- 
ducting of neurility, either sensitive or motor. 
Van Deen, on the other hand, and the others 
whom I have named, all agreed in assigning to 
the grey matter the function of conducting 
impressions. Stilling, to whose researches in 
anatomy, physiology, and pathology we owe so 
much, held that sensitive impressions were con- 
veyed to the brain chiefly through the posterior 
half of the grey matter of the spinal medulla. 
Let us now see how far experimental research has 
been able to throw light on this question. 

It would not be possible for me to show in a 
lecture-room all the experiments by which Brown- 
S^quard iopes to prove his two main proposi- 
tions ; first, that the transmission of sensitive 

19 
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impressions in the spinal cord takes place chiefly 
in its central part, i.e. in the grey matter, and 
second, that the conductors of sensitive impres- 
sions from the various parts of the body decussate 
in the spinal cord and not in the encephalon, as 
hitherto generally supposed. For the first, I 
must be content to show the spinal cords (now 
hardened in spirit) of animals previously made 
the subject of experiment, and in which the 
symptoms consequent upon the lesion were noted 
during life ; of the second, I think I may promise 
to show you what you will all admit to be strong 
experimental proof. Here is the spinal cord of a 
rabbit, in which, as you see, the posterior columns 
have been transversely divided with the greatest 
possible precision, and what was the result ? Far 
from being followed by any loss of feeling, the 
lesion was accompanied by the very reverse effect. 
So far as the posterior colunms are concerned, 
this single experiment annihilates the theory of 
Longet. 

" If," says Dr. Brown-S^quard, " the transmis- 
sion of sensitive impressions does not take place 
along the posterior columns, it remains to be 
found what is the channel of their transmission ? " 

In attempting to give an answer to this ques- 
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tion, he has undertaken some experiments of 
extreme delicacy. On dividing the anterior 
columns of the cord alone, he has not found any- 
marked alteration of sensibility ; division of the 
lateral columns in the dorsal regions he has 
found not to diminish but to exalt sensibility in 
the posterior limbs ; but when the entire cord is 
divided, except one lateral column, sensitive im- 
pressions are no longer transmitted. 

I will admit that there is great difficulty in 
feeling quite satisfied as to deductions drawn from 
experiments necessarily of so delicate a nature ; 
when we come, however, to compare them with 
the pathology of cases presently to be referred to, 
we find strong evidence in favour of the view 
that sensitive impressions in the spinal cord pass 
chiefly along the grey substance. 

The proposition next for consideration, viz., that 
the conductors of sensitive impressions from the va- 
rious parts of the body decussate in the spinal cord 
and not in the encephalon, as hitherto generally 
supposed, constitutes not only one of the most 
brilliant, but one of the most clearly proved of the 
discoveries of Dr. Brown-S^quard. 

First Experiment, — In this guinea-pig I have 
divided in the lower part of the dorsal region a 

19* 
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lateral half of the spinal cord. From the result 
produced, I have no doubt that the division has 
been made with tolerable precision. 

The right lateral half of the cord has been 
divided, and you perceive the following symp- 
toms : — 



Left hind limb 
(uninjured side). 

Colder than its fellow. 
Almost insensible. 
Not paralyzed of move- 
ment. 



Right hind limb 
(side of lesion). 

Hotter than its fellow. 
Very sensitive. 
Paralyzed of movement. 



In this other guinea-pig upon which I have 
about three weeks ago made a similar division of 
a lateral half of the spinal cord, you see that 
recovery has, in a great degree, taken place. The 
animal is becoming subject to fits of an epileptic 
character, as a result of this injury ; but I shall, 
at a subsequent period, when the epileptiform 
affection has become more developed, direct your 
attention to this subject. At present let us con- 
fine ourselves to the facts, that when half the 
spinal cord is cut across on either side, the hind 
leg on the side of the section, far from becoming 
insensible, feels acutely ; the opposite side losing 
aU sensibility. 
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Second Experiment — In this rabbit the result 
is more striking than in the guinea-pig. 

I have here divided, also, the right lateral half 
of the cord in the lower part of the dorsal region. 
You see how marked are the eflfects in this animal. 



Left hind limb 
(uninjured side). 

Colder than its fellow. 

Perfectly insensible. 
Power of movement 
continues. 



Right hind limb 
(side of lesion). 

Distinctly hotter than 

its fellow. 
Very sensitive. 
Power of movement lost 



You see that the right hind limb is so very sensi- 
tive, that, when pinched, the animal gives signs of 
feeling, even much more acute than these passive 
creatures usually do when in the natural state. 

The increase of warmth on the side of the le- 
sion is quite unmistakably evident to the hand, 
and the paralysis of movement is equally obvious. 

Here are the spinal cords of two rabbits up- 
on which Brown-S^quard himself operated; as 
I have already said in this theatre, they have 
been hardened -in spirit, so as to enable one to 
make a careful inspection of the lesion ; during 
life the symptoms were exactly what you see in 
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this rabbit upon which I have operated ; the in- 
jury, as you observe, in both these specimens 
engages just one-half of the cord, and you can 
see by the ribs here remaining, that the upper 
part of the lumbar region was the seat of opera- 
tion. 

These facts alone are suflSicient to prove that 
sensitive impressions starting from one limb, sup- 
pose the right, are propagated upwards to the 
sensorium along the opposite side of the cord (the 
left) — in other words, that a decussion takes place. 
But Brown-S^quard does not rest satisfied with- 
out further proof, for he finds that after hav- 
ing made first a section of a lateral half of the 
spinal cord in the dorsal region on the right side, 
and after having ascertained that the right poste- 
rior limb is quite sensitive when the left lateral 
half of the spinal cord is divided in the cervical 
region, then the right posterior limb loses its sen- 
sibility. This experiment shows that the sensi- 
tive impressions coming along the cord, had first 
crossed to the other side of the spinal cord, along 
which they were transmitted until interrupted by 
the second section in the cervical region. He has 
also performed the following delicate experiment : 
The spinal cord is laid bare in the whole lum- 



APPLIED TO PRACTICE. 285 

bar region, and a careful division of the entire 
extent of the part of the organ giving origin to 
the nerves of the posterior limbs, is made directly 
along the middle line, so as to separate the two 
lateral halves of the organ one from the other. 
If this experiment could be executed perfectly, 
nothing would be divided in the cord except the 
commissures which unite the right and left sides, 
and all the longitudinal elements of this centre 
would be left uninjured ; but it is impossible not 
to cut more or less on either side. However, 
when the operation has succeeded well, i.e., when 
the two lateral halves have been very little injured, 
a striking result is obtained. Voluntary move- 
ment stiU exists in the hind limbs, but sensibility 
is entirely lost in them. The animal has the use 
of his two hind limbs ; he moves about pretty 
freely. The loss of sensibility, therefore, must 
depend on the division of the commissures of the 
spinal cord, or in other words, on the elements of 
this organ which cross each other in the median 
line, or rather in the median place. 

If we compare the results of these experiments, 
and after considering the many great diflficulties 
already spoken of, which attend aU such experi- 
ments, we nevertheless conceive (as I myself as- 
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suredly do) that the results may be accepted, then 
the inferences from them are clear and undeniable. 
So much so, that it is unnecessary here to point 
out how completely the third experiment disproves 
the notion of some physiologists, that the grey 
matter has the power of transmitting impres- 
sions in every direction. 

I purposely omit at present to speak of some 
of the phenomena which you have seen in these 
experiments to-day, viz : the increase of tempe- 
rature and of sensibility in the hind limbs on the 
same side upon which the half of the cord is 
divided. I shall in another lecture speak on this 
subject. But you see that the same experiment 
which shows that the conductors of sensation 
decussate in the spinal cord, proves also that the 
conductors which convey the commands of the 
will to muscles do not decussate in the cord. 

Yet from time immemorial it has been known 
that they do decussate somewhere; for, as you 
know, an apoplectic clot on one side of the brain 
produces paralysis of the opposite of the body ; 
where then does the decussation of motor con- 
ductors take place ? Pathology leads to the answer 
— at the lower part of the medulla oblongata, but 
not extensively along the middle line of the base 
of the encephalon. 
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Let me briefly remind you of the conclusions 
at which we have abeady arrived concerning the 
decussation in the cerebro-spinal centres of the 
conductors of sensation and of motive power. 
This rudely executed diagram, which I have 
copied from Brown-S^quard's work, will I 
think very much simplify your comprehension of 
the matter. Let us suppose that we have here 
represented the medulla oblongata and spinal 
cord, and that we are looking at these parts from 
behind, so that r is the right and I the left side ; 
let us fancy that the transverse lines at 1, 2, and 
3, indicate three points at which lesions exist : 1, 
being a lesion which engages one half of the me- 
dulla oblongata above the decussation of the an- 
terior pyramids ; 2, being just at this decussation, 
while 3 may represent a lesion anywhere along 
the cord (say in the lower part of the dorsal re- 
gion), and engaging one lateral half of it, as in 
the rabbit, which was made the subject of expe- 
riment during my last lecture. If a r and p r 
represent the anterior (motor) and the posterior 
(sensitive) nerve-roots, and the dotted lines their 
continuations to the sensorium commune, then we 
see that a lesion, such as 1 is supposed to indi- 
cate, must be accompanied by paralysis of both 
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Bensation and motion on the opposite side, and 
we know that eo it is. 

A lesion such as we fan- 
cied to be indicated at 2, 
must be attended with par- 
alysis of motion on both 
sides, but of sensation only 
on that opposite to the side 
of the lesion ; while an in- 
jury such aa we suppose to 
exist at 3, is followed by 
the symptoms which you saw produced ia the 
guinea-pig, and more markedly in the rabbit ex- 
perimented upon, viz.: loss of power of motion 
on the injured side, loss of sensation on the 
opposite one. Direct experiment seems to 
have placed it beyond all doubt that those nerve- 
fibres which are ordinarily regarded as the con- 
ductors of sensation, cross from one side to the 
other in the spinal cord itself. But is it eo for 
the conductor of all kinds of sensation 'i This 
question cannot, I think, at present be answered. 
Let us DOW see how far the notions I have 
been speaking of receive corroboration from patho- 
logical facts ; and first let us inquire does patho- 
logical investigation support the view that the 
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grey matter of the cord performs the function of 
conducting impressions? In answer to this in- 
quiry I quote two cases from among many less 
striking. 

Case 1."*^ — Dr. Hutton exhibited a specimen 
of softening of the spinal-marrow. It occurred in 
a sailor, aged thirty-six, of regular habits, who left 
Lisbon in tolerable health, on the 3rd of Novem- 
ber, in a small vessel laden with fruit. On the 
7th, a storm arose, which continued three days, 
and during this time he was obliged to remain on 
deck, exposed to cold and wet, and exhausted 
with fatigue. On the 10th the storm ceased, and 
that night on going to his berth he was seized 
with severe pain in the lumbar region. This 
continued for about an hour, when he fell asleep. 
On the following morning he was surprised to 
find his limbs numb and powerless, and that he 
was unable to pass water. The captain gave 
him some purgative medicine, which acted freely, 
but his motions escaped without his knowledge 
or control. On the 1 4th the abdomen was observ- 
ed to be greatly distended, and the urine began 
to dribble away slowly. In this helpless situation 

* Proceedings of the Pathological Society of Ihcbliny 13th 
December, IQ-kS, 
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he remained until the arrival of the vessel in 
Dublin, on the 25th of November, when he was 
conveyed on a pallet to the Eichmond Hospital. 
The following observations were then made. His 
complexion was sallow, and his expression of 
countenance dejected and anxious ; the extremi- 
ties were cold, the pulse sixty, and very feeble ; 
voice faint ; tongue dry and furred, with a red 
margin ; thirst excessive ; respiration natural ; the 
abdomen was very prominent, and the outHne of 
the over-distended bladder could be distinctly 
seen extending to the umbilicus ; the prepuce was 
excoriated from the constant dribbling of the 
urine, which flowed in a stream when pressure 
was made on the abdomen. It was of a dark 
colour, and had an ammoniacal odour. The faeces 
passed involuntarily ; there was complete paralysis 
of the lower extremities, with loss of sensation to 
the level of the umbilicus. A large slough, about 
five inches in diameter, covered the left trochanter. 
No reflex action could be excited in the paralyzed 
limbs, which were passive and flaccid. The 
patient complained chiefly of weakness, and a 
sense of constriction and pain at the precordia. 
The treatment, which was directed to the raising 
of the vital powers, was of no avail. The catheter 
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was passed frequently, the secretion of urine being 
excessive. These symptoms continued with little 
variation till the 30th of November, when he 
was seized with vomiting, and discharged some 
blood from the stomach ; a considerable quantity 
also escaped with the urine. 

On the following day the pulse could scarcely 
be felt, and mucus began to collect in the bron- 
chial tubes. He died the next day, 2nd Decem- 
ber. 

At the autopsy the following morbid appear- 
ances were observed : — The spinous processes and 
laminae being removed, the theca vertebralis was 
found to contain between two and three drachms 
of serum, slightly tinged with blood; but the 
membranes presented no appearances of inflam- 
mation; the medulla spinalis seemed healthy 
externally ; when, however, it was laid open by a 
longitudinal incision, its central portion was found 
quite softened and pulpy, from its lower extremity 
to the third or fourth dorsal vertebra — here the 
morbid condition terminated. The softening was 
most extensive at the lower part, and was observ- 
ed throughout the whole of the tract indicated. 
The bladder was much enlarged, and its internal 
surface exhibited signs of intense inflammation. 



A 
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The kidneys were very much congested, and in 
the pelvis of these glands particles of lymph were 
found mixed with blood-tinged urine. There was 
also considerable congestion of the liver ; the other 
viscera were healthy. It seemed to Dr. Hutton 
worthy of observation that although this patient 
lived twenty-two days from his first seizure, yet 
the paralysis seemed to have been complete in less 
than twelve hours. .... The 
membranes of the spinal-cord presented no appear- 
ance of previous inflammation, nor did the patient 
complain at any period of that rigidity of the mus- 
cles of the back and lower extremities, said by 
Ollivier and other writers to indicate this con- 
dition of spinal disease. The loss both of sensation 
and motion in connection with softening of the 
central portion of the spinal-marrow , whilst the 
external surface of the cord indicated no disease, 
is worthy of observation. 

With respect to the urinary organs, it is to be 
remarked that the kidneys presented signs of in- 
flammation as well as the bladder. The inflam- 
mation of the latter viscus, in cases of diseased 
spine, has been attributed to the irritation of re- 
tained and altered urine. Dr. Hutton believed it 
had some influence ; but having observed in one 
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or two cases that the disorganisation of the blad- 
der, and the tendency to slough in the paralyzed 
limbs, occurred nearly at the same time, he was 
inclined to regard the aflfection as mainly depend- 
ing on the impaired or interrupted innervation, 
The respiration in this case was not sensibly aflfect- 
ed until the last day or two of his life, although 
the softening of the medulla extended to the fourth 
dorsal vertebra. 

Case 2.** — ^A man aged forty-four, after hav- 
ing had cramps, formication, and weakness in the 
lower limbs, and paralysis of the upper limbs, for 
a long period, was admitted at La Charite. Sen- 
sibility existed everywhere. On the evening of 
November 1st he was able to walk, but aided by 
some one. Sensibility continued everywhere to 
the last moment before his death, on the 3rd of 
November, at 3 a.m. 

Autopsy. — Encephalon normal. There was 
induration of the spinal cord from its upper 
extremity to the third dorsal vertebra, and from 
the sixth dorsal to the lower extremity. The 
tissue of the cord in these parts being cut, was 

* Laboulbdne in the Memoir es de la Socute de Blologie, 1855, 
p. 233 ; and Dr. Brown-S6quar(i*s Lectures on the Central Ner- 
vous System^ p. 82. 
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shining, looking like porcelain, hard and difficult 
to be crushed. The grey matter was also a little 
harder than normally, but of its usual colour. 
The anterior and posterior roots seemed normal. 
In the space between the third and sixth dorsal 
vertebrae the cord was softened, pultaceous, re- 
sembling a whitish or rather slightly rose pulp 
punctated in some places. When placed in water, 
many parts became disintegrated, and formed a 
kind of emulsion. This alteration existed only 
in the white substance. The grey matter, on the 
contrary, seemed to have preserved its normal 
consistence. The microscope showed that the 
grey matter in both the softened and indurated 
parts contained normal cells and fibres, and nor- 
mal blood-vessels, while the white substance in 
the softened region contained but rare fibres, 
which were altered, containing an oily matter and 
granulations. There was also a quantity of granu- 
lated corpuscles of inflammation, with many 
capillaries, oily drops, and amorphous matter in 
the indurated white substance : there was less 
alteration, and the fibres were more normal and 
numerous. 

The author of the report of this case adds, that 
he has ascertained that sensibility to pinching. 
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pricking, touching, tickling, feeling of heat and 
cold, and that due to the muscular spasm caused 
by galvanism persisted in this patient, although 
the white matter, i.e., the posterior and antero- 
lateral columns had but few and altered fibres 
remaining. 

Now, if we set side by side the prominent fea- 
tures (rf these two cases, which have the advantage 
of having been reported by individuals entirely 
free from the bias of any preconceived theories 
upon the subject, we find : — 



In Dr. HuUon's 
Case. 

1 Complete paralysis of 
motion. 

2 Complete loss of sen- 
sibility. 

3 " Softening of the cen- 
tral portion of the 



l7i M. Lahoulhene^s 
Case. 

1 Impairment of power 
of movement. 

2 Sensibility continu- 
ing. 

3 Softening of the cor- 
tical portion of the 
cord. 



spinal marrow." 

I feel justified, therefore, in concluding from 
these cases, that pathology adds weighty testi- 
mony in favour of the view which, as we have 
seen, anatomy and experimental physiology give 
evidence in support of, viz., that impressions are 



30 
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conducted along the grey matter of the spinal 
medulla. 

What says pathology concerning the decussa- 
tion in the cord of the conductors of sensitive 
impressions, and of the fibres conveying the im- 
pulses of the will to muscles ? In answer to this 
inquiry, also, I shall lay before you frj^o cases. 

Case 3. * — A drummer of the National 
Guard of Paris had a quarrel with one of his 
comrades, who was drunk, and who not being 
able to reach him, flung his sabre at him from a 
considerable distance, just as he was retreating 
and had his back towards his antagonist. The 
point of the instrument reached the upper and 
back part of the neck. The wounded man at 
once felt his legs give way under him and fell. 
He was conveyed next day to the hospital of La 
Charity. The wound, the borders of which were 
a little contused, was about two inches in extent ; 
it was situated immediately below the occiput, in 
the upper and back part of the neck and on the 
right side. The finger could neither discover 
the depth of it nor penetrate to the vertebral 
column. The right arm had lost its power of 
movement, but preserved its sensibHity. The 

* Boyer, Traite des Maladies ChirurgicaleSy torn, vii., p. 9. 
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right leg seemed somewhat weakened, but was 
normally sensitive. There was slight difficulty 
in breathing; pulse frequent, strong and full. 
He was bled, etc. On the fourth day the weak- 
ness of the right leg had entirely disappeared ; 
the patient was able to make some slight motion 
of extension of the forearm, but could not spon- 
taneously make an attempt at restoring it to the 
state of flexion. 

On the thirteenth day the patient had recov- 
ered his strength and his appetite — ^he got up 
and walked ; but the paralysis of the upper ex- 
tremity was the same. When playing tricks 
with a wardsman who pinched him, he per- 
ceived that the left side of the body was insensi- 
ble. He told me of it the next day, and I 
observed the following phenomena : — The left 
lower limb and the left side of the trunk were of 
the ordinary size, and possessed their power of 
movement and their usual agility ; but the skin 
of all these parts might be pinched, pricked, and 
even cut without the patient feeling it or giving 
the least sign of pain ; pins were stuck in to the 
depth of three or four lines, and when his head 
was turned away the man did not perceive it. 
However, extensive contact, as the application of 

20* 
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the hand laid on flat and moved over the surface, 
gave rise to a sort of sensation, but very slight 
and obscure. This insensibility existed in the 
entire extent of the left foot, leg, and thigh ; it 
was equally complete over the left side of the 
abdomen, but it ceased abruptly in front and be- 
hind, at the middle line — with this remarkable 
peculiarity, that in this locality, if the patient 
was pinched on the left side, he asserted that he 
felt a sensation, though feebly, at a corresponding 
point on the right side. A similar demarcation 
between the right and left side extended to the 
skin of the penis and scrotum. The insensibility 
was complete up to the left side of the base of the 
thorax ; but at a little higher level an obscure 
sensation began to be perceived, which became 
more distinct higher up, so that at the . level of 
the fourth rib the skin had natural sensibility. 
The left limb was in a perfectly natural con- 
dition. Twenty days' after his accident this man 
left the hospital cured of the wound in his neck, 
and having no pain or uneasiness in this part ; 
but the right arm, forearm, and hand were 
almost completely paralyzed, and the left side of 
the body, excepting the upper limb, were in the 
state of insensibility which has just been de- 



APPLIED TO PRACTICE. 299 

scribed. Some months after lie revisited the 
hospital ; his condition was little changed. The 
situation of the wound, and the symptoms with 
which it was accompanied, induced one to believe 
that the spinal marrow had been engaged, but it 
must have been but superficially. 

Case 4.* — A man, after having felt a sudden 
pain in his back, became incompletely paralyzed 
of voluntary movement in the right lower limb. 
Sensibility was not altered in this limb ; but in 
the left side, where voluntary movements were 
not impaired, sensibility was entirely lost, from 
the breast to the foot. 

Autopsy : — Brain and its membranes normal. 
In the spinal cord a haemorrhage had taken 
place, and blood was found in the right side of 
the grey matter, having destroyed also its horns 
and a part of the right anterior column in the 
dorsal region. 

This is a very remarkable case, teaching not 
only that there is a decussation of the conductors 
of sensitive impressions in the spinal cord, but 
also that the grey matter is the principal channel 
for these impressions. 

* Monod. Bvlletin de la JSociete Anatomique, No. xviii. p. 349 ; 
and Brown-S^quard On the Central Nervous System, p. 96. Also 
quoted by Ollivier. 
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The cases which I have now brought forward 
speak for themselves so plainly that it is not 
necessary to add any commentary upon them. I 
would merely say that the value of the evidence 
they afford, in favor of the views I have been 
attempting to explain, is greatly enhanced by tbe 
fact, that they have been recorded by persons 
who cannot possibly be suspected of having had 
any other intention than that of giving the simple 
and truthful report of what they had observed. 



LECTUEE IV. 

EXPLANATION OF THE HYPERiESTHESIA RESULTING FROM 
A DIVISION OF A LATERAL HALF OF THE CORD — OF THE 
SENSATION ACCOMPANYING MUSCULAR CONTRACTION, 
AND THE PAIN IN CRAMP, SPASM, ETC. — OF THE ARTI- 
FICIAL PRODUCTION AND ^ETIOLOGY OF EPILEPSY IN 
ANIMALS. 

Gentlemen, 

You have already seen, as the result of the 
experiments performed in my last lecture, that 
division of a lateral half of the spinal cord is 
followed, among other symptoms, by an increase 
of sensibility on the same side as the section. 
This rabbit (the same operated upon on the former 
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occasion) still exbibits very strikingly this hjrper- 
aesthesia. You remember that half the spinal cord 
has been divided on the right side, and you per- 
ceive that while the left hind leg is insensible, it 
is quite obvious that the right feels much more 
acutely than in an animal which had not been 
operated upon at all. Now, what is to be consi- 
dered as the true cause of this increase of sensibil- 
ity, which thus results from the division of a 
lateral half of the spinal marrow, and which we 
observe to take place on the same side as the 
lesion, or which occurs in both hind limbs after 
section of the posterior columns of the cord 1 

Wagner has long since pointed out that in 
approaching their various destinations, the nerve 
fibres divide and subdivide ; these subdivisions 
with the minute ganglia and oval nuclei, which 
have been described in difierent localities and 
textures by Bidder, Eosenberger, Meissner, Beale, 
Auerbach, and others, constitute what is known 
as the peripheral expansion of the nervous sys- 
tem. This circumferential portion, if all aggre- 
gated into one mass, would probably equal or 
even exceed in bulk the central masses — the 
brain and cord. Hypersesthesia (or at least such 
exaltation of sensibility as we can discover in 
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animals by pricking, pinching, etc.) seems to re- 
sult from two distinct conditions, viz., either from 
increased vascularity of the circumferential por- 
tion, or of portions of the cerebro-spinal centres. 

Of the first we have a familiar example in the 
increased sensitiveness of the surface following 
the application of a sinapism. The increased 
vascularity of the surface produces an exaltation 
of sensibility in the circumferential parts of the 
nerve ramifications, as any of you may readily 
satisfy yourselves by placing a mustard poultice 
for a few minutes on the front of the forearm, 
and then making a comparison between the rela- 
tive sensibility of it and the opposite one, by 
gently nipping or pricking the surface of each. 
But, again, you know that hypersesthesia of the 
surface sometimes occurs as a consequence of a 
condition the very reverse of that just mentioned; 
it is the result of inflammation or increased 
vascularity of the centres. You have, no doubt, 
observed the great tenderness of surface which, 
especially in children, forms so striking a symp- 
tom of cerebro-spinal meningitis ; you have seen 
how the patient whimpers and cries out when the 
finger is ever so lightly passed over the surface 
— how, sometimes, the pressure even of the bed- 
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clothes, is insuflferable. Sometimes after injuries 
to the spine, the surface, even in a few minutes, 
becomes so exquisitely sensitive, that the slightest 
touch is productive of intense agony.* 

We have abeady seen that when the sympa- 
thetic nerve is divided in the neck of a rabbit, 
the ear on the same side becomes warmer, more 
vascular, and more sensitive than the other ; and 
we have found that the same phenomena, as to 
increase of heat and sensibility, are met with on 
the same side as the section, in the posterior limb 
after division of a lateral half of the spinal cord. 
We are therefore at first naturally led to suppose 
that in each experiment the vaso-motor nerve- 
fibres being divided, and the blood-vessels para- 
lyzed, the increased vascularity consequent upon 
this gives rise to the increase of sensibility. 
An exceedingly interesting experiment of Dr. 
Brown-S^quard, proves that in the latter instance, 
at all events, there is another cause for the hyper- 
aesthesia to be sought for. In his paper, entitled 
" Experimental Eesearches on Various Questions 
Concerning Sensibility," read before the Eoyal 
Society, in May, 1860, he says that in a rabbit, in 

* See a case reported by Dillon Kelly, Esq., in The Dvblin 
ffoipital Gazette^ 1854, p. 103. 
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which all the parts of one of its hind limbs were 
amputated except the nerves, and in which the 
toes are, after a time, about losing their sensibility, 
in consequence of all circulation of blood being at 
an end in the limb, there is, nevertheless, a rapid 
and very notable return of sensibility on dividing 
the posterior columns of the spinal cord in the 
dorsal region. It is obvious that this return of 
sensibility cannot be due to any cause connected 
with the vessels of the partially amputated limb ; 
we must attribute it rather to the increased vascu- 
larity of the spinal cord, which must, more or less 
extensively, result jfrom the injury done to it. So 
it would appear that after division of a lateral half 
of the spinal cord, the increased vascularity which 
unavoidably attends such an experiment may in 
some degree account for the hyperaesthesia in 
question. It must, however, be admitted that it 
is not an easy matter to give an altogether satis- 
factory explanation of the remarkable increase of 
sensibility resulting from a division of the lateral 
half of the spinal cord ; yet it seems very reasonable 
to suppose that any cause producing increase of 
vascularity of the central or aggregated, or of the 
peripheral or diffused portions of the nervous tree, 
may exalt the functions — on the one hand, of 
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appreciating, on the other, of receiving, sensitive 
impressions. 

Let us now, gentlemen, consider a different sub- 
ject. You are all aware that in the normal state 
of things muscular contraction is not accompanied 
by pain; the contraction of the heart and the 
peristaltic action of the intestine, etc., is usually 
unperceived, but the contraction of the voluntary 
muscles is accompanied by a peculiar sensation, 
which has been even regarded by some as a distinct 
sense — ^the muscular sense. This muscular sense, 
or the sense which appreciates weight, is not only 
very delicate, but, as every one knows, is capable 
of being educated or improved to a great pitch of 
perfection. 

It is by its help that we almost unconsciously 
guide our movements and perform many mani- 
pulations. When in certain pathological cases this 
sense is lost the result is curious. The guiding 
power is also lost unless another sense — sight — 
comes to the aid of the muscles. A mother, para- 
lyzed of sensation completely, but not of motion, 
in her right arm, could hold her child in that arm 
while she looked at it, but not otherwise. Patients 
similarly affected can even write with the help of 
their eyes, but cannot attempt to form a letter, or 
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even believe that the pen is in their fingers if they 
look away. I lately saw. a very remarkable case, 
through the kindness of my colleague Dr. Banon, 
in which the woman could feed herself with her 
right hand, if she looked at her hand ; but if she 
turned away her eyes the spoon fell — she did not 
know whether it was in her hand or not. On the 
contrary, by an exaltation of this muscular sense, 
in certain conditions, muscular contraction be- 
comes frightftdly painful ; hence the agony which 
so often accompanies spasm and cramp, -colic and 
uterine contraction. 

Magendie, in 1839, discovered that irritation of 
the anterior or motor roots of the spinal nerves 
causes pain ; but further, that when these roots 
are divided, that irritation of the distal extremity 
only gives pain ; if, then, the posterior roots of 
the corresponding spinal nerves be cut across, 
pain no longer results from the irritation just 
mentioned. On these facts Magendie founded his 
hypothesis of recurrent sensibility. Now, what 
may be the cause of the pain resulting from an 
irritation propagated thus centrifugally along a 
motor nerve, and then centripetally along a sen- 
sitive'? To this question Brown-S^quard gives 
a most ingenious answer. Although Matteucci 
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and Du Bois Keymond differ as to the explanation 
of the phenomenon, yet all agree that if a so- 
called rheoscopic frog's leg be prepared and laid on 
an insulating plate, and a second leg laid across it, 
so that the nerve alone of the second is in contact 
with the muscles of the first, a contraction pro- 
duced in the first leg, by galvanic or other stimu- 
lus is followed by a secondary or (induced?) 
contraction in the second, and so for three or 
four limbs under favourable circumstances. This 
is due to some change in the galvanic state of 
the muscle, which, by its contraction, thus excites 
the nerve lying on it. Now Brown-S^quard 
supposes that this change in the galvanic state of 
a muscle is, in the natural condition, perceived 
by the sensitive nerves of the muscle; and the 
delicate perception of this galvanic change ac- 
companying muscular contraction, however slight, 
gives to us a correspondingly delicate apprecia- 
tion of the feeling of weight, which is one of the 
most striking phases of the so-called " muscular 
sense." The more violent the contraction, the 
more marked is the disturbance of the galvanic 
equilibrium, and consequently the more distinct 
and strong the impression conveyed to the central 
nervous system; normally these contractions are 
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unaccompanied by pain; but if the muscular con- 
traction be very violent, or if the centripetal 
nerve of muscle be in a hypersesthetic condition, 
pain results, and hence the accompanying spasm 
and cramp. In support of this view, Brown- 
S^quard gives the following experiment : — 

" If we fix a thread to the tendon of a muscle 
of a frog, and attach to this thread a weight, ca- 
pable of entirely preventing the contraction of 
the muscle, which is fixed by its other extremity, 
we find that every time the muscle tends to con- 
tract, there is an excitation of the nerve lying 
upon it, and a contraction of the muscle to which 
this nerve is distributed. Hence it is not neces- 
sary for the muscle to contract in order to produce 
in nerves in contact with it a galvanic excita- 
tion. I repeat that it is suflB.cient that they tend 
to contract. Now I have found that the greater 
the resistance to the contraction of the muscle, 
the greater is the galvanic excitation that it gives 
to nerves in contact with its tissue. On the con- 
traxy, if there is no resistance at aU, as akeady 
shown by Professor Matteucci, after the section 
of the tendon, then the galvanic excitation of the 
nerve in contact with the contracting muscle no 
longer exists." 
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In tliis manner Brown-S^quaxd attempts to 
explain, with what, a^ I have abeady said, appears 
to me singular ingenuity, the pain accompanying 
contracted muscles, cramps, spasms, contraction 
of the uterus, etc. 

Let me now show to you the experiments 
which seem to justify these conclusions, and which 
I have slightly modified in order to make them 
more visible to all. But, before doing so, let me 
offer a few observations on the subject of animal 
electricity — a subject which, thanks to the in- 
dustry of Professor Matteucci, of Pisa, and to the 
genius of Du Bois Reymond, of Berlin, has be- 
come one, not only of great interest, but vast 
practical importance. The history of animal 
electricity presente three distinct lines of research 
— ^first, that of special organs for the discharge of 
electricity known to exist in certain fish, com- 
menced by Walsh in 1772, and since followed 
with success by Dr. John Davy, Professor Fara- 
day, and others; second, that concerning the 
electrical properties of muscle and nerve, starting 
from the fundamental experiment of Galvani, in 
1786, followed, or at least not lost sight of, by 
Humboldt, and, in these latter times, investigated 
with great care by Matteucci, Du Bois Keymond, 
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Bernard, Chauveau, Eckhard, Dr. C. B. Rad- 
cliffe, etc. ; and, third, that of the electrical con- 
ditions of membranes, glands, and blood, intro- 
duced by Downe, pursued by Wallaston, Young, 
and Baxter. 

In investigating the phenomena of disease 
accompanied by convulsion, spasm, or cramp, it 
is obviously the second that chiefly must engage 
our attention ; and, thanks to the ingenuity of 
those who have laboured in this field of discovery, 
the laws connected with the electrical properties 
of nerve and muscle are now pretty distinctly 
formularized. 

First Experiment. — ^The galvanometer on the 
table, which is a tolerably delicate one, is con- 
nected by wires with zinc troughs, which, as 
you see, are filled with a saturated solution of 
sulphate of zinc. Over the edge of the troughs 
are laid pads of blotting paper, which dip 
into the solution; and you observe that when 
I bridge over the interval from one vessel to 
the other, by laying on this cushion of blot- 
ting paper, wet in the solution, the needle of 
the galvanometer does not move in the least ; 
the arrangement is therefore ready for experi- 
ment. If, instead of the cushion of wet blot- 
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ting paper, I place between the pads a portion 
of muscle, so that the transverse section of it 
touches one pad (a), and the 
outside of the muscle, that is 
its longitudinal section, touches 
the other — then, as you now see, the needle is 
strongly deflected, and indicates a current pass- 
ing from the transverse towards the longitudinal 
part of the muscle (in the direction of the arrow). 
Now, to make certain that our experiment is 
really successful, let me reverse the portion of 
muscle on the pads, and after allowing the needle 
to come to rest, see what effect is produced. You 
see it again moves nearly 20°, but in the opposite 
direction from the former experiment. 

Although I have used the gastrocnemius muscle 
of a frog to show you this muscular current, you 
must not suppose that it is confined to the muscle 
of any one animal. Du Bois Eeymond has 
observed the current between the longitudinal 
and transverse sections in the muscles of man 
(muscles of an amputated leg), in those also of 
the rabbit, guinea-pig, mouse, pigeon, sparrow, 
tortoise, lizard, adder, slow-worm, frog, toad, 
salamander, tench, etc. 

Second Experiment. — I have here the gastroc- 

21 



312 LECTURES ON PHYSIOLOGY 

nemius muscle of a frog, with a long portion of 
its nerve still attached to it. I next lay this 
muscle on the pads, so as to include it in the 
circuit of the galvanometer ; but I take care to 
lay the nerve on this piece of glass, quite out of 
the circuit, in such a position that I can easily 
pass through it a rapid succession of shocks from 
this induction coil, and so strongly tetanize the 
muscle. Before I touch the nerve with the wires 
from the induction coil, you see that the mus- 
cular current causes the needle to stand at 8° ; 
now I touch the nerve, and consequently tetanize 
the muscle ; you see the needle comes to 0, and 
even swings across on the other side. This, gen- 
tlemen, is one of Du Bois Keymond's most beau- 
tiful experiments, and it proves the very impor- 
tant fact that the muscular current is weakened 
during contraction. 

Bearing in mind the foregoing, we now find 
ourselves in a predicament to perform and under- 
stand the ingenious experiment devised by Brown- 
S^quard, and already spoken of in reference to 
his theory as to the muscular sense. 

Third Experiment. — I have here fastened the 
limb of a frog, prepared with the nerve as long 
as possible, to an upright rod ; a weight is at- 
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tached to the foot, and by means of a hook the 
whole is so adjusted that a considerable strain of 
tension can be put upon the muscle of the calf. A 
rheoscopic leg, laid upon a perfectly dry, clean piece 
of glass, is held so that the nerve of it lies upon 
the gastrocnemius muscle of the first leg. I now 
apply the poles of this forceps battery to the 
nerve of the first, so that the muscles of it con- 




tract ; you see a secondary (induced Tj contraction 
at the same moment occurs in the second, al- 
though perfectly insulated. When I tetanize the 



21* 
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first by a series of shocks from the induction coil, 
the second becomes also tetanized. But further, 
you see that when the tension upon the hook pre- 
vents the first muscle from contracting altogether, 
that even the tendency to contract is followed by 
the secondary contraction in the insulated leg. I 

now cut across the tendo Achillis ; you see how 
striking and instantaneous is the result. Gal- 
vanization now, as before, makes the muscle of 
the first leg contract, but no contraction follows 
in the second ; the resistance being gone, there is 
no galvanic excitation sufficient to disturb the 
second leg. 

So, in any voluntary contraction, the disturb- 
ance of the galvanic equilibrium is greater in pro- 
portion as the resistance is greater, and this 
disturbance (diminution according to Du Bois 
Eeymond of the muscular current), is felt and 
appreciated by the special nerves of the muscular 
sense. Such is the ingenious theory of Brown- 
S^quard on this subject. 

In drawing to a conclusion this short course of 
lectures, I wish to show the strange result of one 
of the experiments which you have already wit- 
nessed in giving rise to epileptiform disease. 1 
need not say that the practical physician cannot 
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but look with great interest upon any facts which 
tend to throw light upon the aetiology of this 
obscure and terrible malady; one which for so 
long a time so completely baffled all rational 
means of treatment, and which consequently 
allowed the unhappy sufferer to become the vic- 
tim of charlatanism until the golden opportunity 
had passed away, when a rational plan of treat- 
ment might have been looked to with some hope 
of success. 

"Nobody," says Komberg, in his great work on 
the nervous diseases of man, " has Htherto suc- 
ceeded in producing epileptic attacks in animals 
by lesions of the brain or spinal cord." As I 
shall just now show you, the discoveries of the 
present day negative this assertion. 

Marshall Hall has attempted to show that the 
loss of consciousness, and the whole train of dis- 
turbances occurring in an epileptic paroxysm, is 
due to the impeded return of blood from the brain, 
owing to the pressure exercised by the cervical 
muscles on the subjacent veins. Saillant, in his 
report to the Academy of Medicine of Paris, en- 
titled, Experiences faites sur les Animaux pour 
decouvrir le siege et la cause prochaine de V Epi- 
lepsies observes : "We must come to the conclu- 



316 LECTURES ON PHYSIOLOGY 

sion, at present, that it is a more easy matter to pro- 
duce artificially an epileptic access by acting upon 
the blood than upon the nerves or the brain." The 
well-known experiments of Sir Astley Cooper, 
published in the first volume of Guy's Hospital 
Reports, on the effect of tying the carotid and 
vertebral arteries, have had their value much in- 
creased by the recent researches of Kussmaul and 
Tenner in the same Hne of investigation. It is, 
indeed, very gratifying to see how much harmony 
exists between the views of these last-named 
authors and Brown-S^quard, each arriving at 
their conclusion through channels of investigation 
quite distinct from the other. An interruption 
in the conveyance of arterial blood to the brain 
in warm-blooded animals produces an epileptic 
fit, and there is the same result whether this 
interruption be due to haemorrhage, ligature of 
the great vessels in the neck, or to a contraction 
of the vessels of the brain through the action of 
the vaso-motor nerves. That convulsions epi- 
leptiform in character may arise from causes 
totally distinct from deficient supply of blood to 
the brain is quite certain; thus, poisons in the 
blood, for instance, cause various forms of tetanic 
and epileptiform convulsions. But reflex influ- 
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ences acting through the vaso-motor nerves on 
the blood-vessels, and thus producing modifica- 
tions of nutrition of the nervous centres, cannot 
but be regarded as a frequent source of epileptic 
disease. 

It is known that the brain proper does not, on 

mechanical irritation, give rise to convulsions; 
superficial portions of the brain have been re- 
moved by the hand of the surgeon without the 
production of convukions. But the question is, 
may not alterations of nutrition produce altera- 
tions of function 1 Must not such changes of 
nutrition, as we know as a matter of fact, alter 
the chemical composition of the brain in idiots 
and epileptics — alter its functions, and amongst 
others, its capability of being irritated and ex- 
cited, so as to give rise to convulsive movements ? 
We find many analogous cases in other parts of 
the animal economy. 

Third Experiment. — In this guinea-pig, about 
a month ago, I divided a lateral half of the spinal 
cord ; you see the hind limbs have nearly re- 
covered ; the animal looks well, feeds well, and is 
apparently healthy. The cornea of the right eye 
has become opaque. When I tickle or nip the 
body, or nose, or ears, it does him no hann ; but 
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when I slightly irritate the skin of the cheek on 
the same side as the injury, you see a convulsion 
sets in. 

The eye on the same side is first affected, then 
the posterior limbs — now it becomes general ; you 
see the entire frame is convulsed, and the muscles 
of the jaw open and shut the mouth spasmodically, 
as in epUepsy ; respiration is neaxly quite arrest- 
ed ; it now begins again— at first it is diaphrag- 
matic ; now the animal has recovered. 

This, gentleman, is, indeed, a very maxveUous 
and highly instructive experiment. An injury 
inflicted on the spinal cord has given rise to a 
reflex modification of nutrition in a remote part. 
The cornea has become opaque : the functions of 
the nerve of the cheek have been so altered, that 
irritation of it induces a complete epileptic seizure. 
But, more remarkable stiU, if this portion of the 
skin over the jaw be destroyed by excision or 
cauterization, or if the nerves of it be cut, then 
the animal is cured and no more fits can be ex- 
cited. But we owe to Brown-S^quard yet an- 
other remarkable discovery connected with the 
production of epileptiform convulsion ; this is the 
occurrence of convulsive movements of a rotatory 
character, from irritation of the auditory nerve. 
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Fourth Experiment. — I shall now touch the 
auditory nerve near its origin in this rabbit, with 
the blunt end of this probe. There is no sign of 
pain; but immediately the animal is seized with a 
convulsive movement, which causes it to roll over 
and over like a cylinder, constantly in the same 
direction, viz., towards the side on which the 
nerve has been touched. Even the eyes have, as 
you see, the same tendency — one being drawn 
down and the other up. You are, no doubt, aware 
that turning or rolling movements occur as the 
result of several injuries of portions of the enceph- 
alic mass, as of the optic thalamus, cms cerebri, 
processus cerebelli ad pontem, but the tendency 
to rotate as a consequence of irritation of the 
auditory nerve, presents points for consideration 
of even more practical interest. 

We now see an explanation of the vertigo 
sometimes produced by injections of cold water 
into the ear, and of the convulsive affections 
dependant on irritation of the acoustic nerve. 
Cases of convrdsions in children have been re- 
ported by Mr. Hinton, without any other altera- 
tion being observed after death, save in the ear. 

I would gladly, gentlemen, enlarge much more 
upon this fascinating topic, but it has been my 
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object in my present lectures, as much as possible, 
to bring before you facts in physiology, which 
you can judge of as well as I can. These facts, 
inasmuch as they have been experimentally 
demonstrated, will not, I am confident, readily 
pass from your memories ; and on a future occa- 
sion I shall look forward to speaking of some 
affections of the nervous system, for the proper 
diagnosis and rational treatment of which sound 
physiological knowledge is so essential. 
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